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''The  papers  in  this  issue  of  Present  Concepts  offer  insight  into  both  broad  and 
specialized  areas  of  Nephrology.  In  several  presentations,  comprehensive  reviews, 
not  elsewhere  available,  are  presented.  A  mixture  of  theoretical  and  practical  ideas 
has  been  embodied  in  the  majority  of  articles  so  that  understanding  would  precede 
future  decision  in  any  of  these  areas. 

i The  first  article  is  another  approach  to  the  problem  of  fluid  and  electrolyte 
balance  correction  of  pathologic  deviations.  Cookbook  types  of  therapy  are  specifi¬ 
cally  not  Included  since  they  have  little  value  bo  the  individual  patient.  Sufficient 
emphasis  is  made  on  basic  concepts  so  as  to  enable  rational  decision.  The  physician’s 
presentation  of  his  experience  in  caring  for  acute  renal  failure  patients  off  the 
coast  of  Vietnam  is  both  rewarding  and  disillusioning  since  post-traumatic  renal 
failure  is  associated  with  excessive  mortality.  The  excellent  report  or.  the  patho¬ 
genesis  of  glomerular  disease  is  a  timely  fact-laden  dissertation  with  immediate  value 
for  understanding  the  immunologic  events  occurring  in  patients  with  glomerulonephritis, 
lupus  nephritis,  and  Goodpasture ' s  syndrome.  An  article  on  malignant  hypertension  pro¬ 
vides  objective  evidence  which  solidifies  the  need  for  treatment  to  normotensive  levels 
even  if  glomerular  filtration  rate  falls,  albeit  transiently.  The  discussion  of  pyelo¬ 
nephritis  presents  new  facets  of  diagnosis  which  should  be  beneficial  to  every  cliui- 
cian.  The  last  article  is  a  paper  on  drug  abuse  and  is  published  as  a  needed  aid  in 
diagnosis  and  treatment  of  this  extensive  contemporary  problem.  Immediate  application 
is  obvious  and  pitfalls  are  properly  described. 

Four  full-page,  black  and  white,  cartoons  appropriate  to  the  subject  are  included 
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The  several  papers  found  in  this  issue  of  Present  Qtneepts  offer  insight  into 
lK»th  broad  and  specialized  areas  of  Nephrology.  In  several  presentations, 
comprehensive  reviews,  not  elsewhere  available,  are  presented.  A  mixture 
of  theoretical  and  practical  ideas  has  been  embodied  in  the  majority  of 
articles  so  that  understanding  would  precede  future  decision  in  any  of 
these  areas.  It  is  hoped  that  this  volume  will  make  a  useful  addition  to  the 
Internist’s  bookshelf. 

The  first  article,  by  Rubini  and  Chojnacki,  is  yet  another  approach  to  the 
problem  of  fluid  and  electrolyte  balance  correction  of  pathologic  devia¬ 
tions.  Cookbook  types  of  therapy  are  specifically  not  included  since  they 
have  little  value  to  the  individual  patient.  Sufficient  emphasis  is  made  on 
basic  concepts  so  as  to  enable  considered,  rational  decision.  Doctor  John 
Conger's  presentation  of  his  experience  in  caring  for  acute  renal  failure 
patients  off  the  coast  of  Vietnam  is  both  rewarding  and  disillusioning  since 
post -traumatic  renal  failure  is  associated  with  excessive  mortality.  As  in 
previous  reports,  patient  chemistries  often  improved  with  dialyric  treatment 
while  infectious  complications  precluded  survival.  Doctor  Stcinmullcr’s 
excellent  report  on  the  pathogcncs.s  of  glomerular  disease  is  a  timely  fact¬ 
laden  dissertation  with  immediate  value  for  understanding  the  immunologic 
events  occuning  in  patients  with  glomerulonephritis,  lupus  nephritis,  and 
Goodpasture's  syndrome.  Doctor  Schwartz’  article  on  malignant  hyperten¬ 
sion  provides  objective  evidence  which  solidifies  the  need  for  treatment  to 
normotensivc  levels  even  if  glomerular  filtration  rate  falls,  albeit  transiently. 
Doctor  Michael  Conger’s  discussion  of  pyelonephritis  presents  new  facets  of 
diagnosis  which  should  be  of  benefit  to  every  clinician.  Finally,  Doctor 
Shir.abcrgcr’s  paper  on  drug  abuse  is  proudly  published  as  a  needed  aid  in 
diagnosis  and  treatment  of  this  extensive  contemporary  problem.  Immediate 
application  is  obvious  and  pitfalls  arc  properly  described. 


MAJ  RICHARD  F..  CHOJNACKI,  MC 
finest  b'ditor 
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PIMNTIW.KS  Ot-  PARHNTKRAI.  THERAPY 


Milio-'  (■'  Kuluni.  M.D.t  and  Richard  K.  Chojnacki,  M.l). 


The  phydolegie  mechanisms  of  normal  wttr  and  electro- 
?yte  turnover  aavc^ue  intake,  absorption,  body  distribution, 
and  "ltimetely,  excretion,  Uith  parenteral  therapy,  physio¬ 
logic  controls  of  intake  and  absorption  are  bypassed,  and 
homeostatic  regulation  is  largely  dependent  on  renal  excretion. 
Iatrogenic  decisi.cn  mat  fall  be  Ween  the  Units  of  renal 
oapaoitj  of  oonxe nation  to  adnlmlse  depletion,  and  enhanced 
excretion  to  dissipate  surfeit.  With  no  real  renal  function, 
there  is  substantial  leeway  in  adequate  parenteral  therapy, 
but  it  behooves  the  physician  to  be  ever  eery  of  over&ependsnoe 
on  renal  adjustments  to  correct  therapeutic  errors.  Errors 
of  omission  era  only  partially  ocmpenaable  by  conservatory 
eeoben3.se a  of  the  kidney,  beoause  there  le  an  inexorable  loss 
of  eater  and  solutes  that  eventually  east  lead  to  depletion; 
errors  of  commission  can  be  rectified  only  to  a  degree  by 
appropriate  renal  excretion.  Taeporel  Unite  to  such  oaepen- 
sstion  are  also  inherent,  and  coincident  demands  for  conser¬ 
vation  of  one  substance  and  excretion  of  another  may  be  com¬ 
petitive,  so  that  one  corrective  action  ia  only  at  the  expense 
of  another.  There  ate  many  examples  of  apparently  disoordsnt 
renal  response.  Thus,  in  order  to  conserve  potassim,  an. add 
urine  may  be  excreted  despite  alkalosis.  Under  certain  dr- 
cuastances,  the  body  sacrifices  tonicity  to  maintain  volxase, 
e.g.  the  salt-free  urine  despite  hypernatremia  of  dehydration, 
or  the  sodium  diuresis  despite  hyponatremia  of  chronic  water 
intoxication.  In  others,  tonicity  is  protected  at  the  expense 
of  volume,  e.g.  salt  retaining  otatea  with  impaired  water 
diuresis  despite  adeem. 

This  discussion  of  oertain  prectioes  of  parenteral  fluid 
management  is  more  appropriate  In  principle  rather  then  in 
specific  example.  Therapy  of  a  single  patient  requires  cog¬ 
nitive  decision  based  on  a  variety  of  individualised  date  end 
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circumstances  rather  than  any  predefined  formula  or  routine . 
Such  recipes  for  parenteral  therapy  by  necessity  miniad.se 
interactions  between  concurrent  homeostatic  disruptions,  and 
assume  that  specific  indications  predicate  similar  therapeutic 
actions  consistently.  In  addition,  a  baseline  of  "normal*  is 
inferred,  as  if  all  acute  and  chronic  physiologic  alteration* 
were  a  distortion  of  the  steady  state  of' the  healthy  person. 
However,  chronic  disease  may  define  a  new  baseline  of  hcmeo- 
s  la  sis,  arid  parenteral  treatment  of  the  sick  patient  often 
must  be  directed  to  re-establish  that  steady  state.  The 
Imposition  of  a  preconceived  state  of  normality  deduced  from 
the  study  of  well  people  may  be  as  abnormal  for  that  patient 
as  the  acute  disorder  prompting  active  therapy.  An  attempt 
has  been  made  to  focus  consideration  of  this  chapter  to  tbs 
more  severe  and  extreme  derangements  of  water  and  electrolyte 
metabolism  as  well  as  steady-state  requirements  because  it  is 
in  these  clinical  settings  that  sound  and  effective  parenteral 
management  is  most  critical. 
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GliM.RAL  PRINCIPLES 


Parenteral  requirements  may  be  arbitrarily  divided  into 
three  components:  maintenance  therapy,  deficit  therapy,  and 
replacement  therapy.  Appropriate  parenteral  therapy  requires 
consideration  of  each  of  these  three  aspects  concurrent^  to 
promote  or  maintain  fluid  and  electrolyte  homeostasis. 

Maintenance  therapy  is  the  provision  of  basal  requirements 
of  fluid,  electrolytes,  and,  eventually,  calories,  traoe 
minerals  and  vitamins,  et  cetera.  Homeostasis  demands  sufficient 
fluid  for  the  exoreticn  of  wastes,  the  stabilisation  of  body 
temperature  by  water  loss  through  the  skin,  and  the  repletion 
of  respiratory  losses.  This  quantity  is  often  termed  the 
obligatory  water  requirement,  i.e.  the  maintenance  requirement 
for  fluid  in  its  minimum  rather  than  optimal  sense. 

Basal  electrolyte  requirements  are  minimal  as  efficient 
renal  compensatory  mechanisms  are  evoked  with  moderate  deficits, 
and  the  rate  of  farther  depletion  is  minimised.  Losses  in  the 
feces  and  in  sweat  are  normally  a  minor  fraction  of  total  ex¬ 
cretion.  They  also  are  diminished  with  depletion,  but  with 
less  efficiency  than  urinary  losses.  With  abstinence  of  intake, 
the  bowel  and  skin  losses  become  major  determinants  of  deficits. 
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Basal  requirements  of  water,  sodium  and  potassium  ma y  be  de¬ 
rived  froa  TABLES  I  and  II.  The  obligatory  water  loss  is  the 
difference  between  mini ana  losses  and  the  water  of  oxidation. 
Obligatory  electrolyte  losses  are  the  minimum  losses  in  feoes 
and  urine,  plus  the  several  aSq/d&y  lost  froa  the  skin  surface 
as  will  be  subsequently  discussed.  Such  mlnlanaa  assess  a 
state  of  continuing  depletion  and  henoe  they  are  theoretic 
rather  than  finite. 

Homeostatic  requirements  for  water  and  electrolytes 
cannot  be  Inferred  froa  maxima  concentration  of  these  sub- 
stan oes  in  urine.  Thus,  the  familiar  concentration  test 
performed  under  paraphyaiologioal  stress  such  as  water  dep¬ 
rivation  cannot  be  continued  Indefinitely.  While  man  can 
concentrate  his  urine  to  approximately  1400  aOs/L,  the 
intake  concentration  of  total  solute  is  approximately  600  aOs/L. 
Maximum  intake  is  compared  to  maximum  excretory  capacity 
expressing  both  values  as  concentrations.  Figure  1.  Intake 
concentration  is  baaed  on  murium  infusion  concentration  that 
permits  a  steady  state;  output  concentration  is  the  approx¬ 
imate  ceiling  concentration  of  these  solutes  in  urine  obtained 
under  a  variety  of  circumstanoes. 


MAXIMUM  INTAKE  CONCENTRATION  D  VS 


Figure  1. 


USUAL  RANCH 

-  milliliters 

FXTRFMF 

Intake 

roods,  liquids* 

1 000-1 SOO 

20.0001 

Oxidation  of  lood  or  tissue 

SOO-  800 

2.000 

Ouipu! 

Urine 

400-1200 

10.000* 

15.0005 

Lungs 

500-  £00 

2.000 

Skin  (swcatl 

300-  500 

15.00011 

1  eces 

50-  100 

lO.OOOf 

Stomach 

Aspirate 

6.000 

High  bowel 

or 

8.000 

1  ow  hour I 

1  istula 

5.000 

Water  turnover  .1.  percent  body  water  /  24  hour' 
Adult  4-2  0% 

Infant  15-35% 


*  including  pre  formed  IUO 
t  a'  water  diuresis  -  diabetes  insipidus 

5  as  osmotic  diuresis  -  massive  glycosuria  or  sustained  mannitol  diuresis 
j!  Jisliniatircd  man  performing  heavy  physical  effort  tn  dry  tropical  environment 
t*  chc.lerj 


TABU-.  II 

conshrvation  of  sodium  and  potassium 


MINIMUM 

C  OM'I  NTRATION 
OR  IMOl'NT’OAY 

TIMI  REQUIRED 
TO  ACH1F.VE 
MINIMUM  LOSSES 

ClRCUMSTANCFiS 

Sodium 

Urine 

(l  ml  q/l 

1-2  d.ivs 

abstainanco  +  mineralooorticoids 

i  ClC\ 

4  s  ml  cj'dny 

>1  week 

abstainanec  +  nimeralocortiemds 

Slnm.it  h* 

60  ml  q/l 

immediate 

concentration  increases  with  pro¬ 
longed  aspiration 

Bowel- 

120  ml  <|/1 

immediate 

concentration  increases  with  pro¬ 
longed  aspiration 

Sweat 

1  ml  q/l 

several  weeks 

acclimatization  and  profuse  sweating 

f'oUwiuni 

Urine 

3-5  ml 

24  weeks 

K  deficiency 

1  CWN 

24  mFq/da> 

24  wrecks 

K  deficiency 

S  tonus  h 

2-4  mFq/L 

days 

concentration  falls  with  protracted 
losses 

Bowel 

24  ml  q/L 

days 

severe  potassium  deficiency  or  pro¬ 
longed  aspiration 

Sweat 

2-3  ml  q.  L 

several  weeks 

K  deficiency 

■s 

s 
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*  assuming  maximal  aetd  secretion 

■  all  bowel  aspirates  are  essentially  isotonic  but  with  progressive  losses  there  ts  increasing  exchange  of 
Na  for  K.  and  S'a  composition  aspirate  approaches  that  of  plasma.  Lower  value.,  may  be  obtained 
if  water  is  used  tor  flushing  or  if  ingested  wate:  is  lost  before  it  is  absorbed 

*  values  below  plasma  concentration  may  occur  with  maximal  water  diuresis  but  net  loss  ;s  g;  -2tcr. 
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Defiolt  therapy  ia  replacement  of  loaaaa  that  have 
occurred  before  the  onset  of  therapy}  thaae  are  finite  losses, 
and  can  be  estimated  fro*  direct  assays,  laboratory  findings, 
history  and  physical  examination.  Deficit  requirements  in¬ 
volve  both  quantitative  and  qualitative  consideration*.  Thus, 
the  same  quantity  of  sodium  may  be  administered  to  correct  a 
deficit  of  body  sodium  oontent  in  a  patient  with  hypovolemia 
and  a  normal  or  high  plasma  sodium  concentration  as  is  required 
to  replace  a  deficit  in  body  sodium  in  a  patient  with  hypo¬ 
natremia  and  edema.  In  the  former  instanoe,  sodium  should  be 
given  in  sufficient  water  to  expesd  the  eztraoellular  fluid, 
and  hence  normal  saline  might  be  a  logical  prescription.  In 
the  latter,  relative  or  absolute  water  exoeaa  is  e\.  dent,  so 
that  if  salt  is  deemed  necessary,  hypertonic  saline  should  be 
administered  as  a  3  or  5  percent  sodium  chloride  (Had)  solution 

Since  gastrointestinal  losses  are  most  cremonly  the  aause 
of  deficit,  knowledge  of  the  volume  lost  and  its  probable 
composition  is  critical  to  estimate  repletion  requixenenta. 
Typical  losses  are  depicted  in  TABI2  III}  more  extensive 
depletions  can  be  estimated  from  the  maximum  volumes  in  TABUS 
I  as  electrolyte  losses  are  generally  proportionate.  As  noted 
in  TABUS  III,  comparative  indioes  provide  a  staple  estimate  of 
the  peroent  of  sodium  replacement  which  should  be  given  aa 
sodium  bicarbonate  or  its  equivalent  by  subtracting  100. 

1 A  HI.  I'  III 

AC  ID  BASH  INDi-.X  OF  GASTROINTESTINAL  FLUID  DEFICITS 


Aspirate 

(Na)  100 

Derivation 

Index:  (C1)  x  -,40 

Stomach 

50-90* 

Saline 

80 

Plasma 

100  Arbitrary 

High  intcstmct 

120-140 

Low  intestine 

150-200 

*  Valuev  from  50-1 21)  can  uvualh  he  considered  willed  for  repletion  with  normal  ealmc  (Index  80) 
I’.inneatie  vae::nn  is  hipiily  alkaline  except  in  the  ca<c  of  fittnlar  when  it  is  pcncrall)  adm:  icd 
with  aeid  stomach  fluid 
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Replacement  therapy  is  the  repletion  of  continuing  ab¬ 
normal  losses.  These  may  in voire  losses  through  the  kidney, 
gastrointestinal  tract,  skin  or  lungs.  Again,  not  only  must 
the  volume  of  fluid  lost  be  replaced,  but  the  composition  of 
the  replacement  solution  should  be  "tailored"  insofar  as 
possible  to  the  composition  of  the  fluid  lost.  Replacement 
therapy  is  always  a  supplement  to  maintenance  therapy,  and 
may  be  a  complement  to  deficit  therapy.  As  a  generality, 
losses  of  fluid  derived  proximal  to  the  duodenum  are  acid  and 
tend  to  make  the  extracellular  fluid  alkaline  (alkalosis); 
losses  from  progressively  more  distal  sites  are  alkaline  tend¬ 
ing  to  leave  the  extracellular  fluid  mors  acid  (acidosis). 

The  site  of  derivation  rather  than  the  site  of  reuoval  char¬ 
acterise  the  pH  and  bicarbonate  content  of  gastrointestinal 
aspirates. 


Hie  Concept  oj  /. cr<  ■  Uclani  c 

The  steady  state  of  homeostasis  is  often  referred  to  as 
“aero  external  balance"  whereby  intake  and  output  of  a  sub¬ 
stance  are  equal.  Zero  balance  also  implies  normal  body 
content  as  it  is  assumed  that  if  an  excess  or  deficit  were 
present,  and  intake  continued,  output  would  adjust  to  com¬ 
pensate.  It  is  obvious  that  this  concept  is  an  oversimp¬ 
lification,  but  it  is  clinically  useful  and  convenient  to 
describe  body  homeostatic  mechanisms  and  derangements  in  terms 
of  positive,  negative,  or  jero  balanoes. 

Physiologic  balance  oust  be  defined  not  only  in  terms  of 
external  balance  or  whole  body  content  of  fluid  and  various 
electrolytes,  but  the  internal  ccsapartmentali ration  of  these 
contents,  i.e.  cellular  and  extracellular  distribution.  When 
either  the  external  or  the  internal  balances  are  deranged, 
there  is  a  tendency  to  return  both  balances  to  zero  coinci- 
dently,  as  the  content  of  cells  are  in  equilibrium  with  the 
content  of  extracellular  fluids.  The  fact  that  a  load  of 
isotonic  saline  is  excreted,  despite  unchanged  extracellular 
concentration,  unequivocally  points  to  a  volume  stimulated 
regulation  of  balance. 

Diverse  contemporary  homeostatic  mechanisms  are  always 
integrated.  Distortions  of  both  external  and  internal  aero 
balance  are  not  only  quantitative  but  also  involve  the  content 
of  one  substance  relative  to  another,  i.e.  concentration  of  a 
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solute  in  extracellular  water  or  the  relationship  of  intra¬ 
cellular  potassium  to  sodium.  Appropriate  renal  compensation 
to  achieve  zero  balance  is  often  a  complex  process.  Consider 
the  renal  adjustment  to  the  prosaic  aot  of  infusion  of  &  liter 
of  isotonic  salt  solution,  i.e.  1000  ml  of  water,  150  mEq  of 
Na+,  and  150  aSq  of  Cl.  The  kidney  must  not  only  excrete  the 
load  of  water  and  solute  in  to  to,  but  most  be  concerned  with 
the  temporal  relationship  of  the  excretion  of  one  solute  as 
related  to  another,  as  well  as  their  oo.  centra tion  in  the 
loading  fluid.  In  the  case  of  isotonic  sodium  chloride  in 
which  the  chloride  is  in  substantial  exoess  of  its  concen¬ 
tration  in  the  extra oellular  volume,  urinary  chloride  output 
increases  prior  to  the  increase  in  urine  flow;  water  is  then 
excreted  in  exoess  of  the  extra  solute  and  finally  sodium  and 
to  a  lesser  degree,  chloride  is  excreted  in  excess  of  extra 
water. 

Despite  the  wide  range  of  qualitative  and  quantitative 
renal  adaptation  it  is  easily  possible  to  exceed  renal  com¬ 
pensation  and  a  chronic  overload  may  develop.  Excretory 
adjustments  are  often  interrelated,  the  most  obvious  example 
being  the  accumulation  of  water  when  the  amount  of  salt  given 
concomitantly  exceeds  renal  excretory  capacity. 


wa  n  k 

The  first  order  of  concern  in  parenteral  requirements 
and  therapy  is  water.  Normal  water  balance  may  be  defined  as 
the  physiologic  state  wherein  intake  is  approximately  equal 
to  output  when  neither  intake  nor  output  is  manipulated. 

Because  intake  is  usually  intermittent  and  output  continuous, 
an  arbitrary  period  of  reference  of  24  hours  is  usually  assumed. 
Water  balance  is  never  static,  and  continuously  fluctuates  in 
reflection  of  activity  and  metabolic  state,  liras,  if  one 
assumes  that  iero  balance  is  reached  at  a  specific  time,  i.e. 
at  meal  tim*s,  a  normal  man  subsequently  either  ingests  a 
water  excess  stimulating  regulatory  mechanisms  to  reduce 
positive  water  balance  or  undergoes  water  privation  stimulating 
thirst  and  renal  conservation  of  water. 

As  a  dynamic  concept,  water  balance  cannot  be  arbitrarily- 
defined  relative  to  body  weight,  intake  or  excretion  without 
reference  to  the  coincident  balance  of  sodium  and  chloride. 
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The  temporal  as  well  as  quantitative  aspects  of  derangements 
of  water  balance  are  critical  to  the  physiologic  and  pathologic 
responses  so  induced.  While  the  sain  regulatory  mechanist  of 
water  balanoe  is  renal,  overwhelming  excess  or  deficits  of 
water  may  ultimately  oause  a  renal  response  which  is  inappro¬ 
priate  or  converse,  e.g.  antidiuresis  of  cevere  water  intox¬ 
ication  or  the  reduced  solute  output  (and  isotonic  oliguria) 
that  occurs  with  massive  salt  exoess.  Thirst  also  regulates 
water  balance,  albeit  at  a  primeval  level.  In  the  activity 
pattern  and  conscious  behavior  of  modem  man,  imbibition  is 
chiefly  by  habit  or  custom  rather  than  from  thirst. 


Water  balance  is  intimately  related  to  thermal  balanoe. 

In  order  to  maintain  thermo neutrality,  heat  loss  over  any 
period  must  equal  the  total  heat  produoed.  1  healthy,  active 
male  in  a  comfortable  environmental  temperature  will  lose 
approximately  1000  calories  per  day  by  evaporation  of  water 
from  the  skin  and  lungs.  Additional  losses  include  2000 
calories  by  radiation  and  conduction  from  the  skin  and  100 
calories  by  increase  in  temperature  of  inspired  air  and 
excretion.  Heat  dissipation  favors  convection  and  radiation 
routes  in  the  presence  of  low  ambient  temperatures,  while 
evaporation  is  of  prime  importance  when  ambient  temperatures 
are  equal  to  or  greater  than  body  temperature.  In  this 
situation  heat  cannot  be  radiated  and  heat  loss  is  primarily 
by  evaporation  of  water  from  lungs  and  skin.  Each  milliliter 
of  water  vaporized  requires  a  dissipation  of  0.58  calories. 
Lobs  of  heat  from  the  body  is  dependent  on  the  amount  of  water 
evaporated,  not  on  the  amount  of  sweat  produced. 


Even  in  the  absence  of  sensible  sweating,  water  require¬ 
ments  are  directly  proportionate  to  the  caloric  expenditure. 

An  adult  metabolizing  20  cal/kg/24  hr  utilizes  approximately 
100  ml  H2O/IOO  cal  or  2.0  liters.  This  ration  of  fluid 
required  per  calories  expended  is  relatively  constant  in  most 
msneialian  species,  while  caloric  requirements  per  kilogram 
of  body  weight  evolves  progressively  through  infancy  and  child¬ 
hood  and  varies  substantially  among  different  species.  As 
metabolic  rate  is  proportionate  to  surface  area,  rather  than 
body  weight,  water  turnover  can  be  similarly  expressed  in  all 
species  at  about  1100  cc/a^  of  body  surface/24  hr.  Increased 
caloric  requirements,  &3  in  protracted  fever  or  thyrotoxicosis, 
impose  an  additional  but  proportionate  water  requirement  since 
basal  metabolic  rate  increases  13  percent  for  each  degree  rise 
in  body  temperature. 
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The  obligatory  volume  of  urine  is  date rained  by  the 
amount  of  solutes  that  must  be  excreted  and  is  relatively 
independent  or  water  ingestion  or  abstinence,  e.g.  if  daily 
solute  load  is  300  aOsn,  and  maxi  mux  urinary  osmolality  is 
1200  oOsa/kg,  400  ml  urinary  water  is  required  to  excrete 
this  load.  With  greater  solute  loads,  maximum  urine  osaolal 
concentration  falls,  and  the  obligatory  volume  of  urine 
increases  more  nearly  geometrically  than  linearly.  Massive 
glycosuria  may  impose  a  solute  load  of  several  osaoles  per 
day.  Skin  losses  of  water  may  increase  10-20  fold  with 
physioal  exertion  in  a  hot  dry  environment;  fecal  losses  may 
increase  3-4  fold  with  diarrhea,  and  much  more  with  choleraic 
states.  In  such  abnormal  circumstances,  water  balance  tends 
to  lag  negatively,  and  sere  balance  is  approached,  but  seldom 
reached  by  greatly  augmented  intake  under  the  provocation  of 
thirst  alone. 


Generally,  the  urine  Is  more  concentrated  than  plasma, 
indicating  that  a  ndld  degree  of  dehydration  is  the  normal 
steady  state.  Even  under  ordinary  circumstances,  man  drinks 
episodically  in  excess,  end  swinge  intermittently  into  posi¬ 
tive  balance.  Be  then  excretes  free  water  to  correct  an 
excessive  water  load.  It  is  the  aim  of  parenteral  therapy 
to  maintain  a  slight  positive  balance  of  water  so  as  to  allow 
a  modest  facultative  urinary  excretion,  i.e.  that  volume  of 
urine  in  excess  of  obligatory  excretion.  Facultative  water 
is  not  identical  to  free  water  excreted,  although  free  water 
is  always  facultative.  Drine  is  therefore  generally  less 
concentrated  than  it  could  be  and  still  maintain  solute 
excretion.  This  is  probably  normal  in  a  physiologic  sense 
as  a  number  of  aaamaalian  species  firm  rats  to  man  maintain 
an  intake  of  water  in  modest  excess  of  obligatory  losees. 


The  intake  of  water  is  in  four  forms:  (l)  that  water 
drunk  in  response  to  thirst  stimuli  or  habit  to  meet  the 
cultural  patterns,  (2)  that  water  which  is  p re-formed  in 
foods  and  taken  primarily  in  satiation  of  hunger,  (3)  that 
water  which  is  derived  from  the  oxidation  of  tissue  constit¬ 
uents,  and  (4)  that  water  which  is  infused  or  otherwise 
introduced  into  the  body  by  prescription.  The  character  of 
the  diet  relates  to  water  available  for  excretion  by  the  type 
of  food  eaten,  (pre-foraed  water)  and  the  nutrient  composition 
thereof  (water  of  oxidation).  Bread  contains  20  percent 
pre-foraed  water,  meats  seme  75  percent,  and  vegetables  and 
fruit  from  70-95  percent.  The  water  obtained  from  oxidation 
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depends  predominantly  on  the  amount  of  hydrogen  of  the  molecule 
concerned  (protein  0.41  cc/gm,  carbohydrate  0.55  cc/gm,  fat 
1.07  cc/gm).  Approximately  12  ml  of  water  are  derived  fro* 
each  100  calories  metabolized  (protein  10.5,  carbohydrate  13.8, 
fat  11.5  *1/100  cal) . 


In  addition  to  the  quantitative  aspects  of  water  balance, 
there  ia  also  a  temporal  aspect.  An  increasingly  negative 
balance  of  water,  produced  at  a  modest  rate,  may  lead  to  well 
tolerated  contraction  of  body  water  although  a  rapid  loss  of 
similar  magnitude  caused  by  sweating  cay  cause  collapse. 

Chronic  water  excess  may  be  totally  asymptomatic  ana  manifested 
only  by  reduction  in  serum  osaol&l  concentration  or  it  may  pro¬ 
duce  a  crescendo  of  symptoms  fro*  mental  confusion  to  eventual 
coma.  A  load  of  water  may  induce  water  intoxication  if  given 
so  rapidly  that  renal  compensatory  mechanisms  lag  substantially 
in  excretion.  Acute  water  intoxication  evokes  a  striking 
syndrome  complex  marked  by  restlessness,  acute  weakness, 
diarrhea,  salivation,  itching  and  vomiting,  tremor,  muscle 
twitches,  and  convulsions.  Forced  acute  water  poisoning  has 
been  awarded  a  reputation  as  a  medieval  or  oriental  torture 
although  it  is  potentially  lethal,  the  discomfort  is  short 
lived  and  coma  rapidly  supervenes.  The  acute  syndrome  is 
primarily  seen  when  large  water  loads  are  introduced  into 
the  gastrointestinal  tract  and  probably  reflects  rapid  loss 
of  sodium  and  chloride  into  the  intestinal  tract,  as  well  as 
the  hemodilution  and  hypo-osmolality  caused  by  water  absorption. 
Positive  water  balances  produced  more  slowly  by  ingestion  of 
similar  volumes  are  seen  in  psychiatric  illness  with  compulsive 
water  drinking  and  yet  with  much  less  adverse  symptoms  even 
though  a  positive  balance  of  20  percent  of  body  water  may  be 
noted.  The  central  nervous  symptomology  of  water  excess  is 
in  many  ways  similar  to  that  of  water  deprivation,  and  at 
extreme,  both  may  be  associated  with  oliguria.  Epileptic 
subjects  are  particularly  prone  to  seizures  with  ove rhyd ration , 
and  it  is  reputed  that  Napoleon  "encouraged"  ingestion  of  water 
as  a  means  of  separating  potential  epileptics  from  his  drafted 
recruits. 


There  i3  also  a  poorly  understood  phenomenon  of  resistance 
to  water  intoxication  that  cannot  be  completely  related  to 
augmented  renal  excretion.  It  is  demonstrable  by  giving  rats 
progressive  increments  of  water  on  successive  days  and  finding 
an  increased  tolerance  to  acute  water  intoxication  that  is 
manifested  before  diuresis  and  even  after  nephrectomy.  Gluco¬ 
corticoids  have  similar  effects,  at  least  in  the  rat,  of 
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inducing  resistance  to  ooma  produced  by  massive  water  loading. 
In  this  species,  and  possibly  in  man,  adrenalectomy  increases 
susoeptibillty  to  acute  water  in  text  cation.  The  situation 
s earns  skin  in  man  to  the  clinical  tolerance  to  hyponatremia 
which  clearly  depends  on  the  rate  of  development  as  well  as 
the  degree. 


ISOTONICITY  AND  OSMOLALITY 


Successful  parenteral  therapy  require e  not  only  restoration 
and  mint# nan oa  of  volume  but  also  a  normal  solute  concentration 
in  that  volume.  Solutions  which  are  at  the  concentration  of 
plasma  and  extracellular  fluids  are  "iso-osmolal"  or  "isotonic" 
although  the  latter  tea  is  often  used  incorrectly. 

I  so  tonicity  of  a  solution  is  defined  aa  that  concentration 
at  which  suspended  red  cells  are  unchanged  in  volume  Tonicity 
is  Independent  of  osmolality,  e.g.  the  addition  of  urea  or 
alcohol  to  an  infusion  does  not  alter  tonicity  because  these 
substances  freely  permeate  red  cells  and  yet  such  addition 
obviously  alter*  osmolality.  Tonicity  is  defined  relative  to 
a  membrane  of  reference,  while  osmolality  is  a  colligative 
property  of  a  solution  whether  or  not  a  membrane  is  present. 
Isotonic  solutions  are  not  neoeesarily  of  the  seme  o social 
concentration  as  the  fluid  within  the  cell  and  categorisation 
of  isotonicity  depends  to  a  degree  or.  the  species  of  mesmeHan 
oells  utilised.  Thus,  rabbit  erythrocyte*  define  ieo tonicity 
at  1.1  peroent  sodium  chloride,  while  0.9  percent  sodium 
chloride  is  isotonic  for  human  red  oells.  The  clinical  use 
of  isotonic  saline  implies  a  matching  with  the  oamolal  con¬ 
centration  of  the  extracellular  fluid.  This  is  only  partially 
true,  however,  as  the  effective  oamolal  concentration  of  the 
fluid  bathing  cells  is  some  5-10  peroent  lever  than  that  of 
isotonic  saline,  and  may  vary  +  5  peroent  from  patient  to 
patient. 

Plasma  is  the  conduit  between  the  protoplasm  and  fluid 
leaving  or  entering  the  body,  la  pis  mss  is  isotonic  by 
definition,  only  fluid  containing  a  suitable  concentration 
of  solute  can  traverse  the  plasma.  It  is  this  coincident 
solute  movement  that  controls  the  flew  of  water  across  bio¬ 
logic  membranes  and  is  influenced  by  simple  diffusion, 
hydrostatic  pressure,  oellular  metabolic  activity  and  trans- 
membrane  ionic  fluxes. 
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The  complexity  of  (transaembrane )  water  and  salt  movements 
is  exemplified  by  the  changes  which  occur  in  the  volume  »r>ri 
composition  of  fluids  introduced  in  the  peritoneal  cavity. 
Isotonic  glucose  solution  increases  in  volume  prior  to  absorp¬ 
tion  beoause  of  the  transperltoneal  movement  of  sodium  and 
chloride  which  temporarily  raise  osmolality  above  that  of 
plasma.  Isotonic  saline  by  contrast  is  readily  absorbed,  and 
only  by  the  addition  of  3*5  to  4  percent  gluoose  may  the  ab¬ 
sorptive  forces  be  balanced.  The  dependence  of  water  movement 
on  the  character  of  solute  dissolved  may  be  further  illustrated 
in  several  simple  physical- chemical  experiments:  (1)  isotonic 
saline  will  lose  fluid  across  a  cellophane  membrane  to  isotonic 
glucose  because  cellophane  as  compared  to  the  red  cell  membrane 
is  more  permeable  to  salt  than  gluoose,  and  (2)  when  isotonic 
solutions  of  —gnawing  sulfate  and  sodium  chloride  sure  similarly 
separated,  the  sulfate  side  expands  at  the  expense  of  the  chlo¬ 
ride  side,  reflecting  the  different  rates  of  solute  diffusion, 
i.e.  chloride  diffuses  faster  than  sulfate. 


PROCI-.m'RI-  OR  PARhNTKRAL  THKRAPY 

The  first  requirement  for  parenteral  management  is  a 
safe  and  ready  access  to  the  circulation.  Indwelling  venous 
catheter  techniques  have  greatly  simplified  prooedure,  but 
care  must  be  constantly  applied  to  avoid  introduction  of  in¬ 
fection  by  use  of  bactericidal  ointment  at  the  site  of  «Mn 
puncture.  Continuous  infusion  minimises  the  risk  of  clotting 
while  peripheral  venous  catheters  should  not  be  used  for  more 
than  a  week  (preferably  3-4  days)  without  changing  the  site 
of  infusion.  Solutions  of  glucose  above  14  percent  are  poorly 
tolerated  in  peripheral  veins,  but  introduction  of  a  catheter 
into  large  deep  veins  such  as  the  jugular,  the  iliac,  or  even 
the  vena  cava,  permits  the  rapid  dilution  of  more  hypertonic 
solutions  which  otherwise  tend  to  injure  the  venous  in time. 

The  addition  of  glucocorticoids  to  commercial  hypertonic 
infusion  solutions,  presumably  to  minimise  inflasmatory  reac¬ 
tion,  is  probably  unnecessary  but  seems  harmless.  Heparin  in 
small  amounts  also  may  be  added  to  hypertonic  infusions. 

Is  a  general  principle,  single  component  solutions  are 
preferable  to  polyionic  solutions  if  several  solutes  must  be 
given  simultaneously.  The  addition  of  potassium  chloride  or 
eodium  bicarbonate  in  specific  and  carefully  considered 
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its  to  isotonic  saline  is  preferable  to  “standard"  mixtures 
prepackaged  for  sarketing  convenience  rather  than  phjeiologic 
writ*  All  additive#  should  be  labeled  on  the  infusion  bottle 
aid  order*  should  define  rate  of  administration,  the  character 
of  parenteral  fluids,  and  volume  prescribed.  Bottles  should 
be  ooaeeoutieely  numbered  to  minimise  confusion  and  to  readily 
permit  bedside  recognition  of  the  speed  of  administration. 

The  asndaf  staff  should  be  alerted  to  raoogaired  changes  in 
arise  flan,  thirst,  society,  headache,  and  others,  as  probable 
imdilasticee  to  alov  but  not  completely  stop  the  infusion  and 
tc  notify  the  responsible  physician.  Tha  use  of  indwelling 
eaatral  venous  catheters  to  determine  pressure  at  frequant 
lets  reals  is  helpful  when  the  voltma  required  is  uncertain 
or  reaal  ocmpensetlon  is  limited,  especially  in  elderly  or 
debilitated  subjects.  Fortunately  there  is  a  vide  flexibility 
of  physiologic  adaptation  to  orersealous  application  of  paren¬ 
teral  therapy  so  that  a  trial  and  observation  routine  is 
gsmerally  feasible. 


laboratory  studies  needed  for  rational  parenteral  manage - 
lnoluds  the  hematocrit,  and  tha  sodium,  potassim  sad 
biaarbenate  content  of  plasma.  Flesna  or  blood  pH  determined 
either  eleetrcmstrlcally  or  indirectly  froc  pC02  and  blear' 
bonate  Is  cspseially  helpful.  Oaeolality  of  please  nay  be 
inmlsable,  specially  for  recognition  of  circulating  o  sec  tic 
aate rial  other  than  sodiua,  such  as  mannitol  or  uree.  Tha 
chief  contribution  of  pis  mis  chloride  detezvine.tios  is  in 
relationship  to  sodiua  oonoentratioa,  sad  serves  to  delineate 
states  of  amlon  excesses  occurring  in  uremia  or  lactic  acidosis. 
Urine  studies  of  prime  utility  include  s  measure  of  oonoentra¬ 
tioa  (oaeolality  is  preferred  to  specific  gravity)  and  pH. 
Unless  thsre  is  obvious  excessive  loss  of  body  fluid,  pis  an* 
ds terminations  are  more  essential  than  zandcs  determinations 
of  urinary  electrolytes. 


In  chronic  disorders  of  body  fluid  and  electrolyte  balance, 
oaoe  intake  is  known,  the  determination  of  sodium,  potassium 
and  chloride  content  of  spot  samples  of  urine  is  increasingly 
valuable,  but  24  hour  collections  are  superior.  The  oognistnoe 
of  asternal  electrolyte  losses  from  all  liquid  excretions  and 
aspirations  from  the  body  is  essential,  and  continuous  ooaplete 
daily  collections  should  be  obtained.  The  physician  most  con¬ 
sider  tha  delay  in  obtaining  the  collection  and  tha  time  re¬ 
quired  for  laboratory  studies  in  ths  interpretation  of  tha 
patient's  status  of  tha  maaent. 
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Parenteral  therapy  should  be  carefully  re-evaluated  at 
least  daily,  an  approach  facilitated  by  accurate  tabulation 
and  charting  of  pertinent  data.  Too  often,  decision  is  Bade 
predominantly  from  laboratory  data.  The  wary  clinician, 
however,  should  never  regard  the  laboratory  as  Bore  than  an 
adjunct  to  information  gained  directly  by  clinical  observation 
of  the  patient  because  even  with  reliable  data  and  reasonable 
deduction,  the  patient  will  sometimes  shew  clinical  deterio¬ 
ration  before  or  despite  biochemical  improvement. 


Parenteral  Therapy  of  Mypo-Osmola!  States 

The  symptoms  of  hypo-osmolality  are  non-specific  and 
include  weakness,  lethargy  and  coma.  Intracellular  hydration 
is  increased  except  possibly  in  certain  chronic  disease  states 
associated  with  proportionate  intracellular  potassium  losses 
•’’the  sick  cell  syndrome".  Clinical  dependence  on  such  signs 
as  skin  turgor  or  fingerprint  clarity  may  be  inadequate, 
especially  in  the  elderly.  Is  red  blood  cells  swell,  hemato¬ 
crit  may  be  elevated.  Cerebral  spinal  pressure  may  be  mod¬ 
erately  increased  but  papilledema  is  unusual.  The  electro¬ 
encephalogram  may  shew  non  specific  slewing.  Thirst  occurs 
despite  b~~po-oamolality  in  response  to  acute  changes  in  volume, 
toxicity,  or  possibly  potassium  deficiency.  Urinary  sodium 
is  usually  not  helpful  diagnostically  as  it  may  be  reduced 
(secondary  to  reduction  of  filtered  load?)  or  increased. 

In  most  instances,  water  deprivation  alone  Is  optimum 
therapy.  This  is  more  easily  prescribed  than  expedited  as 
the  hospital  environment  is  permeated  with  the  idea  that 
forcing  fluids  is  an  attribute  next  to  cleanliness.  Cracked 
ice  and  liquid  nutrients  are  prof erred  indiscriml nantly  by 
well  meaning  aides,  visitors,  and  other  patients  who  seem  to 
equate  thirst  with  neglect.  More  rapid  correction  of  plasma 
osmolality  requires  the  administration  of  hypertonic  salt 
solutions.  This  option  depends  on  definite  acute  clinical 
indications  because  pulmonary  edema,  oongestive  heart  failure 
and  hypertension  may  ensue,  especially  if  whole  body  sodium 
is  already  increased.  Kith  treatment,  the  rise  in  serum 
sodium  will  be  predicated  on  the  redistribution  of  water, 
and  not  simply  the  dilution  of  sodium  in  a  static  extracellular 
fluid  volume.  Therefore,  whole  body  water  mast  be  used  to 
calculate  the  amount  required  to  achieve  the  desired  change 
in  concentration.  In  most  instances,  such  calculation  in¬ 
dicates  a  need  for  very  large  quantities  of  hypertonic  saline 
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to  raise  conoentration  to  normal,  Eruch  to  the  consternation  of 
the  physician.  A  trial  of  25-50  peroent  correction  is  usually 
sufficient  to  demonstrate  whether  clinical  improvement  will 
occur.  Administration  should  be  slow,  preferably  over  a  22 
hour  period  followed  by  a  12  hour  period  of  observation.  As 
a  rough  guide,  6  ml  of  water  becomes  isotonic  for  every  mili- 
liole  of  sodium  chloride  given  in  excess  of  normal  saline. 

Sodium  excretion  in  the  urine  may  remain  unchanged  until  the 
body  deficit  is  repleted  or  may  increase  uaier  the  stimulus 
of  expanded  volume  or  the  persistence  of  an  altered  "oaoostat" . 

The  removal  of  water  in  excess  of  salt  may  be  accomplished 
by  inducing  an  osmotic  diuresis,  usually  with  mannitol.  The 
concentration  of  urinary  sodium  during  vigorous  diuresis  with 
this  agent  is  approximately  30-40  mEq/L,  so  that  three-fourths 
of  urine  volume  is  in  excess  of  the  omsolar  ratio  of  plasma. 
Urine  flow,  however,  is  proportionate  to  the  filtered  load  of 
mannitol  so  that  a  substantial  plana  mannitol  conoentration 
is  necessary.  Increasing  plasma  osmolality  in  this  manner 
may  reduce  cerebral  edema  by  establishing  an  osmotic  gradient. 
Rebound  phenomena  are  minimized  as  the  excess  water  drawn  from 
calls  is  carried  into  the  urine.  Because  plana  volume  expands 
initially  with  large  mannitol  loads,  the  procedure  is  not 
entirely  without  risk  of  pulmonary  edama.  Barry,  however, 
recommends  the  use  of  mannitol,  at  least  in  a  trial  dose  of 
20  grams,  in  most  patients  even  in  the  presence  of  mild  to 
moderate  heart  failure,  /!/  Urea  may  be  similarly  employed 
but  rapid  infusion  of  concentrated  solutions  of  urea  may  pro¬ 
voke  nausea,  vomiting  and  somnolence.  Urea  slowly  enters 
oells  and,  as  urea  is  excreted  into  the  urine  and  extra cell¬ 
ular  fluid  concentration  falls  its  subsequent  diffusion  back 
into  the  plasma  may  lag  behind  that  of  water  and  central  ner¬ 
vous  system  symptoms  may  be  aggravated. 

Conoeutrated  glucose  infusion  may  also  be  effective,  but 
the  high  blood  sugar  levels  needed  to  induce  a  brisk  osmotic 
diuresis  are  not  well  tolerated  and  require  massive  loads. 
Finally,  the  induction  of  sweating  is  more  of  a  theoretic 
possibility  than  a  practical  measure  for  application  in  sick 
patients. 
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Cl  Ini  ctd  recognition  of  hype  rc  espial  states  is  based  on 
intuition  aid  knowledge  of  precipitating  factors.  Symptoms 
that  are  suspect  include  somnolence ,  lethargy,  or  coma  (a 
rather  similar  picture  to  the  symptoms  of  hyponatremic  states). 
Restlessness,  anxiety  and  even  manic  activity  may  be  premonitory 
manifestations,  headache  or  visual  difficulties  may  be  prominent. 
Precipitating  factors  include  diabetes  and  water  deprivation. 

The  skinfold s  are  lax  and  normal  skin  elasticity  is  lost, 
sweating  stops.  Subcutaneous  tissue  is  plastic  and  thin,  the 
mucous  membranes  are  dry  and  saliva  is  soanty.  Vaginal  mucosa 
is  also  dry,  a  finding  that  may  be  useful  diagnostically  in 
female  patients  breathing  through  their  mouths.  The  patient 
may  have  a  staring  appe&ranos  and  the  voice  may  be  hoarse. 

There  is  a  general  apathy  and  delayed  response  to  interrogation. 
Thirst  may  be  a  complaint  upon  direct  questioning,  but  because 
the  patient  is  often  severely  ill  and  stuporous,  its  presence 
is  often  not  spontaneously  ascertained.  Recumbent  hypotension 
may  be  prominent,  or  postural  hypotension  and  faintness  may  be 
the  chief  reflection  of  hypovolemia.  Cold  extremities,  thready 
pulse,  collapsed  veins  may  also  be  present,  ocular  tension  may 
be  diminished  on  palpation. 

Confirmation  is  obtained  by  the  demonstration  of  elevated 
plasma  sodium  or  osmolality.  Asotemia  raises  plasma  osmolality 
but  effective  osmolal  concentration  is  normal.  Increased  cir¬ 
culating  lipid  or  protein  may  artefactually  raise  serum  sodium 
due  to  displacement  of  plasma  water.  A  true  hyperoamolal  state 
say  be  due  to  substantial  hyperglycemia,  e.g.  greater  than 
500  mg/100  cc  (180  ag/100  cc  =  10  hOs/L;,  while  lower  blood 
levels  have  less  importance  except  for  the  aggravation  of 
water  and  salt  by  losses  by  osmotic  diuresis.  With  hypergly¬ 
cemia,  plasma  sodium  is  not  a  reliable  indicator  of  hyperos¬ 
molality  since  it  accounts  for  less  than  its  usual  half  of 
total  plasma  solute.  Exoessive  sweating,  hypertonic  or  dry 
salt  administration  are  occasional  causes  of  hyperoamolality, 
but  most  oases  are  due  to  water  deprivation  or  to  an  exoessive 
obligatory  loss  of  watsr  secondary  to  solute  overload. 


m 


Prcum  Ci>mcpl\.  1  ('/  / 1"  An  V.  September  /V7/ 


:sss 


Principle*  of  Parenteral  rn  crapy  ■  Rubint  and  Ckojnaeki 


The  classic  example  of  hyperosmolal  hypovolemia  is  an  older 
patient  with  nephrosclerosis  who  is  unable  to  concentrate  his 
urine  normally.  Admitted  to  the  hospital  and  unable  to  eat  by 
himself,  be  it  started  on  a  tube  feeding  mixture.  Too  often, 
the  emphasis  is  on  total  calori.es,  protein,  vitamins  and  elec¬ 
trolytes  so  that  water  needs  are  neglected.  The  inability  to 
oonservs  water  is  farther  compounded  by  the  fixed  loss  of  water 
accompanying  increased  urea  nitrogen  excretion.  With  hypovo¬ 
lemia,  salt  retaining  stimuli  are  added.  On  the  fourth  or 
fifth  hospital  day,  the  patient  has  lapsed  into  coma  and  aerum 
sodium  is  found  to  be  165  nEq/L.  A  myooardial  infarct  or 
cerebral  vascular  accident  that  was  suspected  as  the  cause  of 
deterioration  nay  have  actually  been  induced  by  dehydration, 
thus  further  complicating  recognition  of  the  original  aauae 
of  difficulty. 

Hype ro amolality  is  often  (but  not  necessarily)  coincident 
with  hypovolemia  and  the  symptomatology  of  increased  concen¬ 
tration  merge  with  that  of  decreased  volume.  Hypovolemia  due 
to  loss  of  whole  blood  volume  is  discussed  subsequently  in  the 
subsection  on  acute  volume  deficits.  Tbs  commonest  clinical 
otuse  of  hypovolemia  and  ultimately  hyperosmolality  is  dehy¬ 
dration,  a  clinical  term  applied  in  a  broader  eonse  than  simple 
desiccation. 

The  recognition  of  dehydration  is  facilitated  by  charac¬ 
terisation  of  urinary  output.  With  dehydration,  urine  is 
characteristically  reduced  in  volume;  it  is  highly  concentrated 
but  low  in  sodium  content  as  the  body  attempts  to  conserve 
volume  at  the  expense  of  tonicity.  These  findings  do  not 
neoesaarily  prove  dehydration,  as  patients  with  acute  glomer¬ 
ulonephritis  may  produce  a  small  volume  of  highly  concentrated 
urine  with  little  sodium.  Similarly,  acute  reduction  in  renal 
bloodflow  may  serve  to  prHhxce  oliguria  with  sodium  retention 
and  increased  osmolar  concentration.  Conversely,  the  finding 
of  a  copious  urine  volume  with  increased  sodium  concentration 
does  not  role  out  dehydration  as  renal  function  may  be  inad¬ 
equate  or  an  osmotic  diuresis  may  be  present. 

The  relationship  of  solute  load  to  inter  requirement 
depends  on  concentrating  ability,  the  rate  of  solute  excretion 
(that  is,  the  degree  of  osmotic  diuresis)  and  to  a  lesser  degree, 
the  predominant  solute  excreted.  Prefeeding  protein  increases 
concentrating  ability,  protracted  overhydration  diminishes  it. 
With  reasonably  normal  filtration  rates  and  usual  solute  intake, 
the  specific  gravity  at  urine  flow  greater  than  1.5  co/min 
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should  he  less  than  1.010.  The  finding  of  consistently  iso¬ 
tonic  or  slightly  hypertonic  urine  with  outputs  of  over 
2000  oc/24  hr  should  suggest  that  &n  oa&otic  diuresis  is 
present. 

In  general,  the  mainstay  of  parenteral  treatment  of  hyper- 
o molar  states  with  hypovolemia  is  5  percent  glucose  in  water, 
although  0.45  percent  saline  may  be  used  to  replete  volume 
when  water  is  needed  in  excess  of  salt.  Isotonic  intravenous 
glucose  solutions  may  be  infused  at  a  rate  of  12  cc/nin  with¬ 
out  producing  glycosuria  (0.5  go  glucoaeAg/hr)*  This  is 
approximately  one-half  the  equivalent  rate  tolerated  by  dogs. 

The  limiting  restriction  to  the  rate  of  infusion  of  5  percent 
glucose  is  the  blood  glucose  concentration  and  thus  depends 
on  ante oe dent  diet  and  nutritional  status  as  well  as  the  factors 
which  influence  the  action  of  insulin. 

For  practical  purposes,  infusions  of  5  percent  glucose 
behave  as  if  only  water  were  infused.  There  is  an  appreciable 
lag  to  diuresis  following  glucose  infusion  that  is  not  pro¬ 
portional  to  the  rate  of  infusion,  and  hence  is  not  explicable 
by  rate  of  fall  of  plasma  osmolality  or  the  rate  of  expansion 
of  body  water.  This  phenomenon  most  probably  represents  the 
lag  time  for  the  disappearance  of  all  circulating  antidiuretic 
hormone.  Peak  diuresis,  on  the  other  hand,  is  directly  related 
to  load  and  loading  rate.  Diuresis  persists  after  cessation 
of  infusion  for  a  one  to  two-hour  period,  independent  of  the 
amount  of  positive  water  balance  a c cried  at  the  end  of  infusion, 
although  the  amount  of  urine  produced  over  this  period  is 
clearly  load-related. 

In  normal  individuals,  a  diuresis  of  over  35  cc/ain  may 
be  achieved  for  brief  periods,  but  it  is  difficult  to  sustain 
water  diuresis  above  20  cc/min  for  protracted  periods  even  with 
constant  water  intake.  If  continuous  water  intake  substantially 
exceeds  the  rate  of  output,  urine  flow  may  abruptly  fall  as 
symptoms  of  water  toxicity  appear.  Because  there  Is  an  apparent 
floor  to  solute  concentration  in  urine  of  about  80  aOs/L, 
continuously  high  urine  flows  are  necessarily  solute  depleting 
(especially  of  sodium  and  chloride).  Hyponatremic  and  hypo¬ 
chloremic  states  as  well  as  most  chronic  debilitating  diseases 
impair  the  ability  to  excrete  a  water  load  and  diuresis  nay  be 
absent,  reduced  in  quantity,  or  delayed.  Pain,  fear  and  many 
drugj  stimulate  antidiuretic  hormone  (ADH)  release  and  may  in¬ 
hibit  the  production  of  free  water  and  excretion  of  a  positive 
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water  load.  Thus,  glucose  infusions  are  an  unreliable  thera¬ 
peutic  aeana  of  inducing  a  sustained  diuresis,  e.g.  after  drug 
ingestion,  when  a  high  rate  of  urine  flow  is  desired}  an  osmotic 
diuresis  with  a  non-absorbable  solute  such  as  Mannitol  is 
preferable. 


Parenteral  Therapy  of  Acldotic  States  and  the  Therapeutic  Induction  of  Alkalosis 

Severely  addotdc  clinical  states  are  frequently  compli¬ 
cated  by  coincident  a xo tenia,  hypercapnia  and  hypoxia  so  that 
the  etiology  of  specific  symptoms  is  difficult  to  detemire 
with  certainty.  The  most  coaeon  cause  of  severe  acute  acidosis 
is  the  retentive  accumulation  of  organic  acids,  especially 
lactic  acid  or  koto-adds  due  to  overproduction  or  anoxia. 

Less  chronic  and  usually  less  severe  Metabolic  acidosis  is 
most  oonsonly  caused  by  protracted  loss  of  alkaline  intestinal 
seoretions.  Arterial  blood  pH  values  below  7.25  are  associated 
with  mental  disturbances  and  possibly  ocas;  jactitations, 
papilledema  and  arrhythmias  may  occur.  Cardiac  output  is 
increased  and  peripheral  blood  flow  and  heat  loss  is  accentu¬ 
ated.  Severe  acidosis  is  particularly  deleterious  in  the 
presence  of  s  borderline  cardiac  compensation  as  the  greatly 
increased  cardiac  demand  and  the  diversion  of  blood  free  vital 
organs  may  initiate  a  vicious  cycle  of  acidosis  failure 
anoxia  more  acidosis,  and  so  on.  Death  io  imminent  with  a 
blood  pH  that  is  slightly  below  7.00. 

The  aim  of  therapy  is  to  decrease  the  causative  factors 
of  acidosis,  e.g.  anoxia,  carbon  dioxide  retention  or  insulin 
lack.  In  addition,  sodium  bicarbonate  or  Itictate  solutions 
are  generally  used.  Rapid  shifts  from  ss^ers  acidosis  to 
overt  alkalosis  should  be  avoided  because  of  the  risk  of  in¬ 
ducing  arrhythmias.  Hypocalcemia  with  convulsions  may  also 
occur  with  ora  r-cc  rrs  ctica  rapid  prc&scttvu  of  jwtaboiic 
alkalosis,  especially  in  children. 

The  ^ bicarbonate  deficit"  is  unreliable  in  assessing  the 
degree  of  acidosis  since  other  buffers,  notably  hemoglobin, 
tissue  proteins  and  possibly  the  skeleton  arc  involved  in 
compensation  of  what  can  be  considered  a  proton  load.  To 
estimate  the  bicarbonate  needed,  a  general  rale  of  thumb  is 
to  subtract  the  observed  bicarbonate  from  an  ideal  normal  of 
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approximately  27  aM/L  and  to  multiply  this  differency  by  40 
percent  of  body  weight,  i.e.  a  value  scat  where  between  extra¬ 
cellular  volume  and  whole  body  water.  Usually,  only  half  of 
the  deficit  is  given  in  the  first  24  hours.  In  situations  of 
extreme  acidosis,  e.g.  methyl  alcohol  poisoning,  it  may  be 
desirable  to  give  extremely  large  amounts  of  bicarbonate  rapidly 
until  urine  pH  becomes  alkaline.  Calculation  of  bicarbonate 
distribution  under  these  circumstance a  may  reveal  a  substantial 
discrepancy  between  the  amount  administered  and  that  amount 
retained  in  the  chloride  spaoe  or  excreted  in  the  urine  which 
confirms  the  existence  of  unmeasured  cellular  buffers. 

Intravenous  solutions  employed  to  increase  plasma  pH 
contain  bicarbonate,  lactate  or  acetate.  In  theory,  all  are 
similar  because  acetate  and  lactate  are  rapidly  metabolized 
to  bicarbonate.  Bicarbonate,  or  its  equivalent,  may  be  given 
as  ocamsercially  prepared  balanced  isotonic  solutions,  usually 
containing  about  30-45  mOa/L  of  base  excess  an  one-sixth  molar 
or  one  molar  lactate,  or  the  desired  amount  of  bicarbonate 
may  be  added  to  other. fluid  requirements.  More  concentrated 
solutions  of  bicarbonate,  e.g.  five  percent,  are  occasionally 
employed  but  lactate  containing  solutions  have  generally  been 
accorded  the  greatest  popularity,  perhaps  due  more  to  famil¬ 
iarity  than  on  a  scientific  basis.  Even  though  it  is  produced 
by  fermentation,  a  process  more  expensive  than  cheaioal,  lac¬ 
tate  is  used  preferentially  to  bicarbonate  in  the  manufacture 
of  balanced  solutions  that  are  stored,  because  bicarbonate 
solutions  tend  to  do compose  with  the  formation  of  Insoluble 
carbonates.  Available  solutions  of  lactate  contain  tbs  racemic 
fora  of  tfaa  substance  although  the  metabolism  of  d-lactate  ie 
substantially  slower  than  that  of  1-lactate.  /2/  Lactate  and 
pyruvate  concentrations  in  the  plasma  may  rise  temporarily  in 
normal  individuals  receiving  lactate  ion.  Acetate  solutions 
are  more  stable  and  potentially  cheaper  to  produce  chemically 
but  have  had  limited  use  except  for  peritoneal  dialysis. 

Plasma  lactate  and  pyruvate  do  not  increase  with  acetate, 
and  plasma  clearance  of  acetate  is  rapid.  In  certain  circum¬ 
stances  such  as  in  diabetic  acidosis  or  in  uremic  patients 
undergoing  chronic  dialysis,  there  appears  to  be  a  slowing  of 
the  metabolism  of  acetate  ion;  hence,  limiting  its  utility. 

A  special  case  of  acute  acidosis  is  primary  lactic  sol¬ 
do  ait;  in  which  the  defect  seems  to  be  the  irreversible  con¬ 
version  of  pyruvate  to  lactate  which  accumulates  in  extra¬ 
cellular  volume  producing  a  severe,  progressive,  and  often 
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lethal  retention  acidosis.  Alkali  therapy  with  bicarbonate 
has  been  notoriously  unsuccessful  in  promoting  salvage  sug¬ 
gesting  that  reduced  plasma  pH  is  the  misdirected  focus  of 
therapy. 


Parenteral  Therap)-  of  Alkalosis 


Cllnioal  states  of  alkalosis  are  less  coaaon  than  acidotic 
states  and  the  infusion  cf  add  to  oorrect  severe  alkalosis  is 
seldom  required  as  an  emergency  measure.  Although  respiratory 
alkalosis  is  frequent,  especially  in  patisnts  with  anxiety  or 
central  nervous  system  injury  or  disease,  the  symptoms  are 
relatively  minor  and  may  be  ameliorated  by  zebreathing  or  CO2 
administration.  The  respiratory  alkalosis  of  salicylate  in¬ 
toxication  or  liver  disease  is  also  due  to  central  nervous 
simulation,  but  these  states  are  complicated  by  coincident 
or  potential  metabolic  acidosis  and  may  fare  poorly  with  OO2 
therapy.  Metabolic  alkalosis  is  most  oommonly  seen  after 
protracted  vomiting,  nasogastric  suction  and  diuretic  abuse. 

It  nay  also  follow  successful  therapy  of  acute  pulmonary  in¬ 
sufficiency  with  respiratory  acidosis,  i.e.  patients  who  have 
suffered  prolonged  renal  losses  of  ohlorlde  whose  alkalosis 
will  persist  until  the  chloride  deficit  is  repleted.  In  most 
instances,  repletion  of  chloride  ion  as  sodium  chloride  is 
adequate  therapy  because  renal  excretion  of  sodium  bio&rbonate 
continues  until  chloride  deficit  is  abrogated.  Coincident 
potassium  deficiency  may  intensify  the  metabolic  alkalosis 
(vide  infra) .  When  chloride  must  be  given  without  sodium  or 
potassium^  ammonium,  chloride  may  be  used,  except  in  patients 
with  liver  disease  who  are  prone  to  hepatic  coma.  Hydrochloric 
acid  may  be  administered  as  a  one  peroent  solution,  or  the 
hydrochloride  of  arginine  or  lysine  may  be  given. 


Pafcnlctai  Potassium  Therapy 

Potassium  deficiency  is  moot  often  due  to  exaggerated 
renal  loss,  e.g.  with  chronic  thiazide  administration  or 
secondary  hype raldo steroid. so.  Substantial  loss  by  the  way 
of  the  intestinal  tract  is  less  frequent,  e.g,  laxative 
ingestion  for  many  months.  Because  potassium  is  effectively 
conserved  by  the  normal  kidney,  albeit  somewhat  less  efficiently 
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than  Is  oodiua,  clinical  deficiency  oaused  by  extrarenal  loss 
requires  weeks  to  develop.  Squilibr iun  is  achieved  vith 
potassium  intakes  as  lev  as  10-15  mSq/day.  Most  natural  foods 
contain  potassium,  henoe  it  la  virtually  Impossible  to  become 
deficient  because  of  an  inadequate  intake  of  potassium  while 
consuming  an  ordinary  diet  of  adequate  calories  and  protein. 

Hypokalemia  is  often,  but  not  invariably,  found  in 
potassium  deficiency  states.  Sodium  balance  intimately  affect* 
serum  potassium  and  vith  severe  salt  depletion,  serum  potassium 
may  be  increased  while  body  potassium  is  reduoed.  Although  an 
oversimplified  tautology,  the  physician  should  recall  when 
potassium  leaves  the  cell,  sodium  and  hydrogen  replaces  it, 
and  when  potassium  lessee  are  repaired  and  potassium  enters 
cells,  this  ion  flux  is  reversed  providing  for  3K  =  2Xa+  1B+. 
The  association  of  acidosis  and  release  of  cellular  potassium 
into  the  blood,  and  of  hypokalemia  vith  alkalosis  is  then 
understood.  Similarly,  the  renal  tabular  exchange  of  potassium 

or  hydrogen  ion  for  sodirm  characterises  urine  pH  - when  the 

renal  tutelar  cell  is  actively  conserving  potassium,  urine  is 
add;  when  the  renal  tubular  cell  is  wasting  potassium,  it 
excretes  less  acid  and  urine  is  alkaline.  Thus  the  paradox! oal 
aciduria  of  metabolic  alkalosis  associated  vith  potassium 
deficiency  occurs  only  with  extra. renal  causes  of  the  potassium 
deficit.  Since  diminished  ability  to  oonoentrate  the  urine 
occurs  early  with  potassium  deficiency,  the  finding  of  an 
elevated  urine  o sociality  in  a  patient  suspected  of  potassium 
depletion  should  suggest  an  alternative  diagnosis.  Urine 
potassium  concentration  below  10  mSq/L  supports  an  impression 
of  potassium  defldt,  and  monitoring  of  urine  concentration 
after  parenteral  therapy  is  instituted  may  be  useful.  Potas¬ 
sium  deficient  patients  will  not  excrete  infused  potassium 
beyond  minimal  levels  provided  sodium  reabeorption  is  not 
exoeasive. 

The  uptake  of  glucose  and  production  of  glycogen  by  the 
liver  aay  further  reduoe  serum  potassium  and  glucose  Infusions 
may  precipitate  hypokalemic  paralysis  in  subjects  already 
potassium  depleted.  For  this  reason,  glucose  infusions  should 
be  withheld  until  potassium  deficit  is  substantially  repleted 
and  parenteral  potassium  should  be  added  to  saline  rather  than 
glucose  if  severe  hypokalemia  is  evident. 

When  potassium  depletion,  yith  or  without  hypokalemia, 
is  associated  vith  arrhythmias,  muscle  paralysis  or  ileus-, 
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partial  rapid  repletion  of  the  potassium  deficit  is  desirable. 
As  the  amount  of  potassium  which  has  actually  been  lost  is 
clinically  difficult  to  estimate  short  of  whole  body  counting 
or  by  isotope  dilution,  therapy  for  the  patient  with  normal 
renal  function  is  primarily  directed  to  give  a  modest  exoess 
of  potassium  and  to  depend  on  renal  excretion  to  adjust  for 
ovartreatment.  In  the  presence  of  oliguria  or  renal  failure, 
parenteral  or  even  oral  replacement  therapy  must  be  approached 
with  caution.  The  potential  irreversibility  of  the  renal 
lesion  of  potassium  deficiency  suggests  that  even  modest  de¬ 
pletion  is  undesirable.  When  clinical  circumstance  indicates 
the  likelihood  of  continued  potassium  loss,  especially  with 
symptoms  possibly  caused  by  potassium  deficiency,  the  pre¬ 
ventive  treatment  of  potassium  depletion  is  justified.  If 
potassium  cannot  be  given  orally,  parenteral  administration 
is  advisable. 

The  practical  approach  to  parenteral  therapy  requires  a 
ready  will  Ingres  a  to  include  potassium  in  parenteral  regimens 
with  special  attention  to  correction  of  coincident  deficiencies 
of  sodium  and  chloride.  Once  urine  flow  is  assured,  and  in 
the  absence  of  accelerated  tissue  catabolism,  potassium  can 
be  given  in  solutions  of  20-40  mSq/L  at  a  rate  not  exceeding 
20  aiEq/hour. 

Kunin  et  al  /3/  and  deaentsen  /U/  indicate  that  potassium 
may  be  infused  at  40-60  mSq/hr  provided  that  glucose  is  g?  «n 
simultaneously.  The  presence  of  severe  potassium  depletion 
say  limit  the  rate  at  which  potassium  salts  may  be  infused 
safely.  Animals  deficient  in  potassium  aje  readily  made  hyper- 
kalemic  at  rates  of  intake  of  potassium  tolerated  with  impunity 
by  animals  previously  fed  a  potassium  exoess.  TABLE  IV. 

Because  hyperkalemia  may  rapidly  develop,  ale ctro cardiograph! c 
monitoring  is  advisable  with  parenteral  potassium  infusions. 

Ths  most  ooaeon  clinical  cause  of  hypokalemia  is  upper 
intestinal  aspiration.  The  splinting  of  the  upper  gastro¬ 
intestinal  tract  by  continuous  gastric  suction  is  a  common 
procedure  of  surgical  management.  That  hypochloremic  alkalosis 
and  hypokalemia  may  occur  is  broadly  accspted  on  most  surgical 
services.  The  Mechanism  of  such  alkalosis,  often  incorrectly 
ascribed  to  the  removal  of  potassium  In  the  gastric  aspirate, 
is  a  result  of  the  progressive  depletion  of  chloride,  as  chlo¬ 
ride  concentration  in  gastric  aspirate  is  generally  in  exoess 
of  sodium.  Becuase  of  mild  dehydration,  hypovolemia  and 
surgical  stress,  there  is  a  coincident  stimulus  for  sodium 
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TAIILL  IV 

DIETARY  FFFF.CT  ON  POTASSIUM  TOLERANCE 
Mortahlv  Figures  on  Four  Groups  of  Eight  Rats* 


ORAL  STRESS 


PARENTERAL  STRESS 
( 1 00  gmMhr) 
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•Ran  prc-lcd  pcitavuiim  arc  rcsiManl  to  potassium  streverats  depleted  of  po labium  arc  sensitized. 
Oral  stress  uas  induced  hy  the  addition  lo  drinking  water  of  increasingly  concentralcd  solutions  of 
Kd  for  four  days.  With  2-1 0  percent  solutions,  gavage  feeding  was  employed  because  some  rats 
refused  lo  drink:  the  volume  administered  was  the  average  imbibed  by  the  one-percent  group. 

Parenteral  stress  was  given  rntraperitoncaSly  m  2  cc  volume ;  sodium  chloride  was  added  to  the 
more  dilute  solutions  of  potassium  to  make  aU  solutions  equimolar.  Nephrectomy  increased  overall 
mortality  but  faded  to  alter  the  relative  protection  of  antecedent  prefeeding  or  the  sensitivity  of  ante¬ 
cedent  depletion,  indicating  that  the  effect  is  most  likely  operatise  at  a  cellular  level.  Mechanism  of 
death  is  unknown  hut  probably  due  to  acute  cardiac  anhythmia. 


retention.  Hypokalemia  also  reflects  the  renal  adjustment 
as  more  potassium  is  excreted  in  exchange  for  sodium  in  the 
presence  of  alkalosis.  The  degree  of  ^clalemia  is  usually 
moderate  and  its  importance  is  more  to  stimulate  recognition 
by  the  physician  of  the  abnormal  physiologic  state  than  to 
constitute  a  serious  stress  to  postoperative  recovery.  If 
fluid  and  caloric  requirements  are  met,  potassium  need  not 
be  added  for  eeveral  days. 

Potassium  concentration  in  gastric  fluid  is  generally 
below  20  mEq/L  and  falls  with  continuous  gastric  aspiration. 
Removal  of  several  liters  by  gastric  suction  withdraws  from 
the  body  less  thai.  100  m Eq.  of  potassium,  and  deficits  of  this 
magnitude  are  tolerated  with  impunity  by  the  individual  not 
previously  depleted.  However,  the  superimposition  of  gluco¬ 
corticoid  stress  under  these  circaurtances  may  provoke  a  drop 
in  serum  potassium  and  the  development  of  mild  metabolic 
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alkalosis  with  minimal  change  in  overall  body  balance. 
Similarly,  the  elevated  serum  potassium  in  naphre ctomi zed 
adrenals ctoai zed  dogs  allowed  to  develop  an  Addisonian  crisis 
is  substantially  corrected  by  glucocorticoid  administration 
indicating  that  the  gradient  of  potassium  across  tho  cell 
membraru  is  critical  to  its  plasma  concentration,  independent 
of  whole  body  content  of  potassium.  With  protracted  gastric 
aspiration,  parenteral  administration  of  potassium  is  advis¬ 
able,  especially  in  patients  who  have  been  chronically  ill 
and  are  likely  depleted  of  potassium  before  surgery.  The 
problem  may  become  further  compounded  by  the  need  to  admin¬ 
ister  glucose  feedings  which  promote  glycogen  production,  as 
serum  potassium  may  decrease  further  and  cardiac  arrhythmias 
may  result,  especially  if  the  patient  is  digitalized. 

The  repletion  of  potassium  losses  under  these  circum¬ 
stances  is  dependent  not  only  on  the  administration  of  ad¬ 
equate  amounts  of  potassium,  but  also  on  the  concomitant 
administration  of  chloride  ion.  The  use  of  such  potassium 
supplements  as  gluconate,  citrate  or  phosphate  may  fall  to 
correct  alkalosis  and  hypokalemia  unless  adequate  amounts  of 
sodium  chloride  are  also  given.  As  the  primary  mechanism  of 
alkalosis  is  chloride  deficiency,  the  use  of  amonium  chloride 
or  lysine  monohydrochloride  might  be  considered  and,  in  most 
instances,  the  serum  potassium  will  rise. 

The  amount  of  potassium  that  can  be  conveniently  and 
safely  given  pa rente rally  is  limited  and  full  repletion  of 
body  stores  must  usually  await  reinstitution  of  oral  feedings. 
Ideally,  the  potassium  requirement  snould  always  be  given  by 
mouth  and  preferably  with  normal  foods.  The  institution  of 
a  reasonably  normal  diet  with  offer  at  least  60-80  mEq/day. 
When  larger  amounts  are  required,  potassium  supplements  are 
useful,  but  enteric  coated  tablets  containing  potassium  chlo¬ 
ride  should  be  avoided,  as  small  bowel  ulceration  and  stenosis 
have  been  reported. 

The  ratio  of  nitrogen  to  potassium  in  protoplasm  is  con¬ 
sistent  from  calculations  based  on  losses  during  starvation^ 
retention  during  repletion  of  protein  deficiency  and  from 
direct  carcass  and  muscle  analysis.  However,  nitrogen  can 
be  retained  (protoplasm  formed?)  in  absence  of  potassium. 
Figure  2. 
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I  11:  2  (Iraptm  illustration  of  trstosteronc-tnduccd  positive  nitrogen  balance  occurring  in  the  prewmv 
of  pol.issium  depletion. 


ACliTh  VOLUME  DEFICITS 

The  fundamental  defect  in  shock  is  a  reduced  perfusion  of 
tissues  to  a  degree  insufficient  to  sustain  metabolic  function. 
This  wiy  be  due  tc  a  decline  in  blood  pressure  or  increase  in 
the  peripheral  resistance  to  blood  flow  as  veil  as  to  inadequacy 
in  blood  voluzaa.  The  stupor,  coldness  and  pallor  of  the  skin, 
weakness  of  the  peripheral  pulse,  and  oliguria  represent  the 
effects  of  decreased  blood  flow  to  specific  organs.  In  addition 
to  the  initial  ischemic  derangements  of  primary  function,  a 
series  of  secondary  deleterious  metabolic  effects  involving  the 
liver,  brain,  kidneys  and  endocrine  glands  exaggerate  and  per¬ 
petuate  the  shock  state.  Accompanying  these  secondary  changes 
is  acidosis,  reflecting  the  altered  oxidative  metabolism  of 
tissue.  From  the  point  of  view  of  parenteral  therapy,  the 
critical  repletion  is  that  of  volume,  as  the  fundamental  treat¬ 
ment  is  improvement  of  oxygenation  of  tissues,  rather  than  the 
temporary  correction  of  pH. 
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The  central  blood  volume  is  about  50  percent  of  whole 
body  blood  volume  and  it  ia  equally  divided  between  the 
thoracic  contents  and  the  splanchnic  bed.  Approximately  75 
percent  of  the  blood  is  normally  contained  in  the  venous 
system  and  an  additional  12  percent  is  in  the  capillary  beds. 
Because  veins  and  capillaries  constitute  a  low  pressure 
system,  small  changes  in  pressure  may  cause  striking  changes 
in  volume.  The  converse  holds  true  in  the  arterial  bed  where 
volume  elasticity  is  minor  and  large  changes  in  pressure  may 
occur  independently  of  arterial  volume. 

In  defense  of  the  plasma  volume,  extra vascular  albumin 
is  released  from  the  liver  and  lymphatics  in  an  attempt  to 
maintain  oncotic  pressure  and  thus  draw  fluid  from  the  extra¬ 
cellular  space  into  the  plasma.  As  the  extracellular  space 
is  some  five  times  the  plasma  volume,  it  may  be  considered 
an  unlimited  volume  reservoir  provided  sufficient  protein  is 
available  to  maintain  the  necessary  oncotic  gradient.  The 
plasma  protein  reserve  is  modest  and  probably  no  more  than 
25  percent  of  total  body  albumin  exists  ext—'vascularly.  The 
response  to  acute  hypovolemia  is  therefore  limited,  and  after 
the  plasma  protein  reserve  is  mobilised,  further  correction 
of  hypovolemia  depends  upon  transfusion  of  albumin  or  plasma 
or  the  introduction  of  an  oncotic  equivalent. 

A  number  of  plasma  expanders  have  been  utilised.  These 
include  materials  prepared  from  natural  biologic  products  and 
artifically  synthesised  macromole cules.  In  general,  none 
have  proven  ideal,  and  such  complications  as  retention  in  the 
reticuloendothelial  system,  allergic  reactions,  antigenicity, 
disturbed  clotting,  capillary  fragility,  thrombosis,  aggrega¬ 
tion  and  clumping  of  erythrocytes,  and  impaired  flow  through 
small  vessels  resulting  from  increased  viscocjty  have  been 
noted.  Artificial  expanders  such  as  polyvinyl-pyrrolidone, 
gelatin,  and  hydroxyethyl  starch  have  been  gradually  sup¬ 
planted  by  a  dextran.  Biologic  products  such  as  lyophilized 
plasma  and  modified  human  globin  have  proven  less  satisfactory 
than  concentrated  human  albumin. 

In  bum  cases,  decreased  plasma  volume  occurs  secondary 
to  trapping  of  plasma  outside  the  normal  vascular  volume,  as 
well  as  those  losses  due  to  weeping  and  evaporation.  A 
similar  trans capillary  exudation  occurs  with  certain  bacter¬ 
emias.  With  intestinal  obstruction,  largo  quantities  of 
plasma  and  its  ultrafiltrate  may  be  rapidly  compartmentalized 
as  an  unphysiologic  "third  space*  in  the  bowel  lumen.  With 
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barhituate  poisoning  or  endo toxemic  infections,  rassive 
splanchnic  dilitation  may  trap  a  substantial  portion  of  the 
blood  volume.  In  these  instances,  the  parenteral  therapy 
required  is  substantial  and  often  of  massive  proportion.  Even 
in  these  complicated  examples  of  hypovolemia,  recognition  of 
the  exact  cause  of  shock  is  often  less  immediately  vital  than 
its  alleviation,  but  ultimately  is  critical  to  successful 
management. 

As  plasma  volume  reflects  the  extracellular  volume  of 
which  it  is  an  intimate  part,  decrease  in  extracellular  volume 
for  any  cause  increases  sensitivity  to  shock;  and  salln» 
preloading  is  protective.  Figure  3. 
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I’ARIVTIRAL  THRRAP't  l\  RELATIONSHIP  TO  SURGERY 

The  management  of  a  patient  through  surgery  is  a  test  of 
the  physician’s  understanding  of  fluid  and  electrolyte  problems. 
Coincident  with  the  direct  trauma  to  tissue  may  be  problems  of 
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anesthesia,  immobilisation,  starvation,  protein  depletion, 
dehydration,  sweating,  renal  and  cardiac  insufficiency. 

Relative  hormonal  deficiencies  or  imbalance a  involving  the 
pituitary,  thyroid,  and  adrenal  glands  may  develop.  Inad¬ 
equate  replacement  of  acute  deficits  because  of  vomiting, 
diarrhea,  upper  or  lover  intestinal  aspiration,  and  others, 
may  complicate  the  issue. 

The  immobilized  postoperative  patient  depends  upon 
medical  action  to  maintain  body  homeostasis.  Superimposed 
is  a  hazily  demarcated  syndrome  generally  termed  "the  injury 
reaction".  Despite  extensive  study  two  decades  ago,  surpris¬ 
ingly  little  is  known  about  the  mechanism  of  this  catabolic 
stress.  It  ia  composed  of  a  series  of  physiologic  responses 
that  append  surgery  and  influence  fluid  and  electrolyte  man¬ 
agement.  These  responses  include  an  increased  urinary 
excretion  of  nitrogen,  the  loss  of  body  weight  consistent 
with  the  mobilization  of  fat  stores,  an  increase  in  body 
temperature,  pulse  rate,  and  oxygen  consumption  despite  a 
reduction  of  respiratory  quotient,  and  diminution  in  urine 
volume  with  increased  urine  concentration.  Sodium  retention, 
potassium  loss  into  the  urine,  hyperglycemia,  and  increased 
urea  production  due  to  enhanced  catabolism  of  protein  char¬ 
acterize  these  states.  Cellular  loss  of  potassium  with  hyper¬ 
kalemia  and  fat  mobilization  with  hypertriglyceridemia  may 
also  occur.  With  diminution  of  urine  output,  there  is  an 
inability  to  excrete  salt-containing  parenteral  fluids  despite 
an  increased  solute  load  of  urea  due  to  pie  renal  azotemia. 

An  increased  secretion  of  adrenal  corticosteroids  could 
explain  many  of  these  findings,  but  the  injury  reaction  may 
occur  in  the  adrenals ctomi zed  patient  receiving  constant  doses 
of  gluco-  and  mineralocorti colds  and  is  minimized  in  the  very 
sick  and  in  the  very  old.  This  surgical  response  is  maximal 
in  the  robust  young,  healthy  patient  underoing  elective  surgery. 
The  fact  that  these  physiologic  changes  are  the  normal  and 
usual  accompaniment  of  uneventful  surgery  should  be  recognized 
by  the  physician.  Attempts  at  their  modification  by  large 
doses  of  androgens,  high  protein  feedings,  and  other  measures, 
have  been  largely  temporary  in  effect.  A  reesnt  trend  has 
been  preoperative  anticipatory  treatment  with  loading  of  water, 
potassium  and  protein  for  repletion  of  unrecognized  deficits.  / 5/ 

The  duration,  as  well  as  the  magnitude  of  the  response 
to  surgery  depends  to  a  large  degree  upon  the  overall  health 
of  the  patient  and  the  extent  and  type  of  surgical  procedure 
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performed.  Especially  prominent  responses  occur  with  invasion 
of  the  pleural  or  peritoneal  cavities  or  with  trauma  to  the 
skeleton.  When  surgical  complications  are  superimposed,  the 
pattern  of  metabolic  response  to  surgery  is  further  altered, 
and  recovery  is  deferred  as  starvation  and  immobilization  are 
prolonged. 

Postoperative  parenteral  therapy  depends  on  the  degree  of 
derangement  and  the  time  anticipated  before  oral  feedings  can 
be  resumed.  I£  recovery  is  rapid,  and  postoperative  course 
uneventful,  the  potentiality  of  electrolyte  depletion  may  be 
neglected  and  a  watev  intake  of  approximately  1000  cc  in  excess 
of  urine  volume  given  daily.  Preferably,  this  should  be  as  a 
10  or  15  percent  glucose  solution  to  minimize  protein  catabolism. 
If  oral  intake  must  be  postponed  until  the  fourth  day  or  longer, 
modest  amounts  of  sodium  may  be  added  to  match  urinary  excretion, 
remembering  that  salt  retent?  on  is  the  usual  acute  response  to 
surgery  and  a  natruresia  may  be  prominent  during  the  later 
recovery  phase. 

As  potassium  deficits  over  100  mBq  may  approach  pathologic 
significance,  potassium  balance  should  also  be  considered. 
Homeostatic  requirements  of  potassium  during  prolonged  parenteral 
therapy  are  readily  met  by  the  inclusion  of  potassium  parenteral 
regimen  in  concentrations  of  5-10  aEq/L  plus  additional  potassium 
to  make  up  known  external  losses.  The  amount  required  must  be 
assessed  individually  with  a  concerted  effort  to  give  potassium 
slowly  and  to  implement  oral  intake  as  soon  as  poecible. 

There  may  be  some  advantage  of  giving  phosphate  in  chronic 
parenteral  therapy  because  phosphate  is  the  main  intracellular 
anion,  and  presumably  behaves  in  parallel  with  tissue  potassium 
movements.  There  is  also  some  evidence  for  a  phosphate  deple¬ 
tion  syndrome  in  man  characterized  by  anorexia,  weakness, 
skeletal  pain  and  malaise  which  can  develop  with  protracted 
low  phosphate  intakes,  especially  if  phosphate-binding  gels 
are  ingested.  /6/ 

Whether  magnesium  should  also  be  administered  is  uncertain, 
although  prolonged  parenteral  therapy  of  magnesium-free  fluids 
will  undoubtedly  result  in  mild  mangesium  depletion.  However, 
there  is  inadequate  clinical  correlation  of  symptomatology 
with  serum  levels  and  quantification  of  body  magnesium  stores. 

The  adult  human  body  contains  about  25  grams  of  magnesium 
equally  divided  between  bone  and  soft  tissue.  The  metabolism 
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and  excretion  of  magnesium  varies  with  a  vide  variety  of 
pathologic  and  physiologic  alterations  and  is  only  partially 
related  to  intake.  1 vs rage  excretion  in  the  urine  is 
100-200  mg/day  on  an  intake  of  approximately  twice  this 
amount.  A  minimum  requirement  for  magnesium  in  man  has  not 
been  definsd,  and  production  of  experimental  magnesium  de¬ 
ficiency  by  withdrawing  magnesium  from  the  diet  has  been 
reported  only  after  many  weeks  of  abstinence.  Frank  defic¬ 
iency,  however,  is  clearly  recognised  in  animals,  especially 
calves  and  lambs.  The  cllnioal  syndrome  in  man  is  similar 
to  hypocalosmic  tetany  but  is  associated  with  hypomagnesemia 
which  is  alleviated  by  giving  magnesium,  but  not  by  giving 
calcium  alone.  Muscle  tremors,  twitching,  bisarre  movements, 
delirium,  and  convulsions  may  also  occur.  Reduced  levels  of 
magnesium  in  the  serum  occur  in  a  number  of  conditions  with¬ 
out  overt  symptomatology,  and  sub clinical  deficiency  is  dif¬ 
ficult  to  define.  While  the  presenoe  or  absence  of  hypomag¬ 
nesemia  is  not  a  critical  diagnostic  criteria,  serum  levels 
below  1.50  m£q/L  should  alert  the  physician  to  the  possible 
presenoe  of  magnesium  deficiency.  Gastric  juice  contains 
approximately  1.0  mEq/L  and  magnesium  deficiency  may  occur 
in  patients  with  prolonged,  gastric  suction  or  with  bypass  of 
the  small  bowel  absorb tive  surface.  With  prolonged  dependence 
on  parenteral  fluid  therapy,  the  inclusion  of  3  mEq/day  of 
magnesium  should  be  sufficient  to  maintain  magnesium  balance, 
but  .larger  amounts  may  be  needed  to  replete  antecedent  defic¬ 
iency.  If  hypomagnesemia  is  documented  in  association  with 
symptoms  possibly  due  to  magnesium  deficiency, , additional 
magnesium  may  be  added  to  the  infusion  regimen.  Magnesium 
must  be  given  slowly  to  avoid  the  vascular  dilitation  and 
hypotension  associated  with  hypermagnssemic  states. 

The  need  for  an  intelligent  parenteral  regimen  is 
intensified  if  there  are  exterior  losses  of  body  secretions. 
These  might  include  profuse  sweating,  or  external  drainage 
of  saliva,  bile,  pancreatic  fluid,  high  cr  low  Intestinal 
secretions.  The  intestinal  tract  losses  are  essentially 
isomolal  to  plasma,  and  their  replacement  is  substantially 
isotonic  sodium  chloride.  Considerations  of  metabolic  alka¬ 
losis  or  acidosis  due  to  intestinal  losses  has  been  discussed 
previously. 

A  simple  schema  of  ^placement  of  intestinal  secretions 
is  shown  in  TABLE  III.  The  acid-base  index  is  an  arbitrary 
measure  of  acidity  or  alkalinity  relative  to  plasma  based  on 
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the  chloride  content.  Note  that  normal  saline  falls  within 
the  range  of  the  acid-base  index  of  gastric  aspirate  and, 
hence,  virtually  all  oases  undergoing  gastric  suction  can  be 
repleted  with  saline.  Pancreatic  secretion  is  highly  alkaline, 
especially  in  the  case  of  pancreatic  fistulae,  while  aspirates 
of  the  upper  bowel  are  less  alkaline  due  to  acid  stomach  fluid 
admixture.  Despite  extensive  promotional  literature  extolling 
the  advantage  of  solutions  whose  composition  aims  to  mimic 
specific  intestinal  losses,  moat  patients  with  normal  kidney 
function  are  able  to  adjust  urinary  excretion  to  compensate 
for  moderate  alkalosis  or  acidosis  if  only  saline  is  given 
for  replacement.  However,  in  the  case  where  several  liters 
of  fluid  are-  being  drained  or  aspirated,  in  behooves  the 
physician  to  institute  careful  collections  of  all  exteriorised 
secretions,  to  measure  their  volume,  and  to  analyse  them  at 
least  for  sodium  chloride  and  potassium.  In  practioe  his 
general  principle  to  follow  is  - implement  judicious  re¬ 

placement  of  known  losses  and  then  give  somewhat  more  than 
is  lost  so  as  to  replete  previously  unrecognised  deficits. 
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Acute  tubular  necrosis  and  other  nephropathies  have 
contributed  to  mortality  and  morbidity  in  war-related  injuries 
and  diseases  since  accurate  medical  recording  began.  During 
World  War  II,  40  percent  of  severely  wounded  casualties  had 
soms  degree  of  a  cate  tubular  ischemia  at  postmortem  examina¬ 
tion.  /I/  In  the  first  year  of  the  Korean  War,  morphologically 
detectable  tubular  necrosis  was  seen  in  18  percent  of  the 
autopsies  carried  out  after  battlefield  deaths.*  Mortality 
rates  among  patients  with  acute  renal  failure  accompanying 
war-related  injury  and  disease,  determined  primarily  by  the 
severity  of  the  underlying  condition  and  associated  compli¬ 
cations,  have  varied  from  10  to  90  percent.  /l-4/ 

The  management  of  acute  renal  failure  is  challenging 
and  involves  meticulous  attention  to  the  details  of  fluid 
■and  electrolyte  therapy.  Development  of  effective  methods 
of  dialysis  has  provided  an  additional  modality  in  the  treat¬ 
ment  of  acute  renal  failure.  Its  adjunctive  value  is  being 
evaluated  in  the  combat  setting  of  Vietnam. 

The  purposs  of  this  report  is  to  present  the  author's 
experiences  in  the  treatment  of  acute  renal  failure  as  it 
occurred  in  the  battle  zone  environment  of  the  I  Corps  region 
of  Vietnam  while  he  was  aboard  the  US  Navy  Hospital  Ships 
SANTtJARY  and  REPOS  from  January  through  October  1970,  The 
diagnostic  criteria,  etiologic  factors,  modalities  of  manage¬ 
ment,  clinical  complications  and  results  of  the  management 
are  presented  and  discussed.  Guidelines  for  improved  methods 
of  treatment  are  suggested  based  upon  the  results  of  the  study. 


*ln  part.  a*  article  jppeared  in  US hair  Med  57: 1971 
+Ncphroloj:ict.  Naval  limpi'al  Oakland.  Oakland.  California  94627 
♦Shreiner  (il  Per'  >nal  cvpcncncc.  Korean  War.  1951 
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In  January  1970  a  program  for  the  treatment  of  patients 
with  acute  renal  failure  was  instituted  aboard  the  OSS  Repose. 
When  that  ship  left  Vietnam  waters  in  March,  a  similar  facility 
was  established  on  the  USS  Sanctuary.  The  dialysis  unit  con¬ 
tained  two  beds,  bed  scales,  a  Travenol®  100-IAter  Twin  Coil 
artificial  kidney  and  material  for  peritoneal  dialysis.  The 
technical  staff  included  two  nurses  and  four  corpamen  trained 
in  the  operation  of  both  heao-  and  peritoneal  dialysis. 

Patients  were  evaluated  on  admission  by  the  author. 
Surgical  consultations  were  obtained  as  indicated.  Baseline 
weights  were  determined,  followed  by  daily,  pre-  and  post 
dialysis  weights.  The  following  laboratory  studies  were 
obtained  on  a  daily  be sis:  complete  blood  count,  blood  urea 
nitrogen  (BUN),  serum  electrolytes,  calcium  and  phosphorus; 
coagulation  studies  —  prothrombin  time,  partial  thrombo¬ 
plastin  time,  fibrinogen  and  platelet  count;  blood  gas 
studies  — arterial  pH,  p02  and  pOC>2.  Routine  urinalysis  wu3 
performed  on  available  admission  urine  as  well  as  electrolyte 
concentrations  and  evaluation  of  the  sediment  for  formed  ele¬ 
ments.  Urinary  myoglobin  and  hemoglobin  levels  were  also 
determined.  Cultures  were  taken  of  all  wounds,  drain  sites, 
sputum,  blood  and  urine  on  admission,  every  three  days  there¬ 
after,  and  at  other  times  as  clinically  indicated.  Blood 
cultures  were  also  obtained  after  each  dialysis.  Retrograde 
pyelography  was  performed  when  historical  factors  or  physical 
findings  suggested  possible  obstructive  uropathy. 


N.ituie  <il  Renal  Failure 

Twenty-four  patients  were  referred  for  care  during  the 
nine  month  period  described.  TABUS  I  categorizes  the  24 
patients  by  sex  and  national  origin.  The  nrean  age  was  25 
years.  All  but  five  of  ths  patients  ware  active  duty  American 
military  personnel.  The  referring  facilities  included  the 
major  military  and  civilian  hospitals  in  the  I  Corps  area  of 
Vietnam.  TABLE  II.  The  mean  time  from  injury  or  onset  of 
illness  to  transfer  to  the  dialysis  unit  was  4.5  days,  ranging 
from  2  to  9  days.  In  19  of  the  patients  renal  failure  followed 
trauma;  nontraum&tic  conditions  were  etiologioally  related  in 
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PATIENT  DISTRIBUTION 


TOTAL 

24 

SEX 

Male 

23 

Female 

1 

MEAN  AGE 

25 

AGE 

(2-47  years) 

ORIGIN 

MILITARY 

22 

American 

18 

Vietnamese 

3 

Korean 

1 

CIVILIAN 

“> 

TABLE  11 

REFERRAL  DATA 

1- ACT  LI  fY 

PATIENTS 

SANCTUARY 

6 

85th  Evac 

4 

NSA 

3 

1st  Med. 

6 

REPOSE 

2 

Hue  Prov. 

2 

95th  Evac 

1 

five  cases.  With  the  exception  of  two  oases  with  extensive 
burns,  the  traumatic  injuries  were  Ihe  result  of  a  vide 
penetrating-ceabat-missile  spectrum.  IABI£  III.  In  the 
nontrauma  group,  one  instance  of  each  of  the  following  con¬ 
ditions  was  encountered:  falciparum  aalaila,  reticulum 
oe 11  sarcoma  with  hyperuricemia,  methanol  ingestion,  acute 
glomerulonephritis  and  prolonged  diarrhea  with  dehydration 
and  shock. 

TABLE  IV  records  the  total  number  of  exposures  to 
potential  exiologic  antecedents  of  acute  renal  failure  that 
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were  experienced.  Although  nearly  all  patients  had  received 
blood,  no  transfusion  reactions  were  documented.  Hypotension 
of  variable  severity  either  at  the  time  of  injury  or  during 
subsequent  surgery,  diffuse  sepsis,  and  brief  courses  of 
therapy  with  nephrotoxic  antibiotics  were  common.  No  cases 
of  obstructive  uropathy  were  discovered. 

tabu:  in 


FREQUENCY  OF  ORGAN  TRAUMA 

Extremities 

16 

Sol:  trji  tuu\  9 

Multiple  jmpulaliom  5 

Single  amputations  2 

B'fwci 

12 

1  uni; 

5 

Li  vet 

4 

Spleen 

1 

Vascular 

5 

Kidnc) 

3 

CNS 

4 

Burn*- 

■  ABLE  IV 

RENAL.  FAILURE  ANTECEDENTS 


Transfusions 

17 

1  Is  poiension 

13 

Sepsis 

n 

\tilihiniies 

10 

L](um\un.  streptomycin, 
ccntjmun.  (  ol\  *Myein 

(  or.s’Cstiu-  hear!  failure 

1 

IE.  pc'iiructnia 

i 

Twenty-one  of  the  referrals  suffered  an  oliguric  form  of 
kidney  failure.  There  were  three  patients —  ail  with  bilateral 

amputations  of  the  lower  extremities  -  who  presented  with 

rising  BUN  and  serum  potassium  levels  despite  urine  volumes 
over  one  liter  per  day.  For  those  with  oliguria,  the  mean  time 
of  onset  was  three  days  post  injury  or  illness,  with  a  range 
of  0-5  di  .'s.  The  average  duration  of  oliguria  was  8.5  days 
with  a  range  of  2  to  15  days.  Diuresis  failed  to  occur  in  any 
of  the  patients  whs  expired.  TABIiS  V. 
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Olipum 
Non-oiigimc 
Mean  onset  post  injury 
Duration  (survivors) 
Diuresis  (expired) 
Survival  time  of  those 
expired 


21  patients 
3  patients 
3  days  (5-0  days) 
8.5  days  (15-2  days) 
0  patients 

1 1  days  (31-1  days) 


Mean  admission  laboratory  values  and  ranges  are  shown  in 
TABLE  71.  The  low  hematocrits  occurring  in  the  majority  of 
the  patients  were  the  result  cf  blood  loss  due  to  traum.  and 
a  variety  of  coagulopathies.  Elevated  hematocrits  were  present 
only  in  the  two  bum  patients.  Elevated  white  blood  counts 
reflected  the  septic  or  at re  a  s-hypaxi c  states  in  which  most 
referrals  arrived.  The  BUH’s  were  not  excessively  elevated 
because  of  the  relatively  short  periods  of  shutdown  prior  to 
transfer.  Hyponatremia  was  common  in  both  the  trauma  and 
nontrauna  groups  except  for  those  with  bums  who  were  hyper- 
natreaic.  Due  to  frequent  nasogastric  suction  and  intestinal 
diversion  procedures,  hypochloreaie-hypokalemic  alkalosis  was 
nearly  as  common  initially  as  hyperkalemia  with  acidosis. 

Severe  acidosis  was  observed  in  patients  with  combined  massive 
trauma  and  significant  hypoxemia  from  pulmonary  complications. 
As  can  be  seen  in  TABLE  VI,  bleeding  and  clotting  abnormalities 
were  frequent.  The  two  major  types  of  disturbance  were  a  dif¬ 
fuse  intravascular  coagulation  most  often  associated  with 
septicemia,  and  the  factor-deficiency  syndrome  associated 
with  multiple  transfusions  of  stored  blood.  The  single  patient 
with  falciparum  malaria  developed  an  isolated  thrombocytopenia 
related  to  the  disease  and  quinine  therapy.  Blood  gas  deter¬ 
minations  reflect  the  high  incidence  of  pulmonary  problems. 

The  usual  physiologic  defect  was  a  ventilation-perfusion  im¬ 
balance  with  hypoxia  and  hypoc&rbia.  The  underlying  pathology 
in  nearly  every  case  was  either  severe  lung  contusion,  necro¬ 
tizing  pneumonitis,  or  the  so-called  s*wet  lung  syndrome".  / 5/ 
Urinary  electrolytes  and  sediment  analysis  were  valuable  in 
assessing  the  cause  of  renal  dysfunction  and  in  separating 
those  with  p re -renal  azotemia  from  those  with  intra-re n&l 
pathology.  Seventeen  of  the  20  patients  with  oliguria  had 
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Hematocrit 

(V) 

31 

50-19 

White  blood  cells 
(cu  mm) 

14.000 

2.300-24,300 

Blood  urea  nitrogen 
(nig/ 100ml) 

73 

150-30 

Sodium 

(mF.q/L) 

130 

151-110 

Potassium 

(mEq/L) 

4.8 

7.4-3 .2 

Chloride 

(.nHq/L) 

89 

105-68 

11(0., 

(mliq/L) 

19 

36-6 

Pliilclct  count 
(cu  mm) 

120.000 

32.000-278.000 

Protlirombm  lime 
(sec) 

17 

24-13 

Partial  thromboplastin  time 
(sec) 

43 

55-35 

Fibrinogen 

(mg/IOOm!) 

150 

300-50 

pH 

7.30 

7.50-6.91 

p02 

(mmHg) 

83 

11740 

pCO; 

(mmHg) 

32 

43-24 

URINE 

Sodium 

(nii:q/L) 

38 

70-12 

(>  20  ml-.q/L  1 7  patients) 

{'  20  ml;q/L  5  patients) 

(Pigmented  granular  costs:  20  patients) 
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urinary  sodium  concentrations  greater  than  20  mEq/L.  Detection 
of  typical  p.ignented  casts  of  acute  tubular  necrosis  on  micro¬ 
scopic  examination  of  sediment  proved  to  be  the  best  indicator 
of  frank  renal  shutdown.  These  casts  were  found  on  urine 
examination  in  20  of  the  23  patients.  Osmolality  studies  were 
of  less  help  because  a  number  of  patients  had  received  osmotic 
diuretics  prior  to  admission. 


MANAGEMENT 

Attempts  to  induce  a  diuresis  ware  made  in  nearly  every 
patient,  either  at  the  referring  facility  or  shortly  after 
admission  to  the  dialysis  ’unit.  TABLE  VII.  On  one  occasion 
diuresis  occurred  following  the  use  of  saline  and  albumin  in 
a  paraplegic  patient  with  unrecognized  peritonitis  and  a  per¬ 
forated  gastric  ’ulcer.  Using  ethacrynic  acid,  a  temporary 
increase  in  urine  output  occurred  in  two  others,  but  was  not 
sustained  despite  continued  use  of  the  drug.  Response  to 
diuretics  did  not  appear  to  be  dose  related.  Where  transient 
diuresis  followed  ethacrynic  acid  therapy,  only  25  mg  of  the 
drug  was  given,  intravenously.  Subsequent  trials  with  higher 
dose 3  in  these  patients,  and  up  to  150  mg  of  ethacrynic  acid 
and  160  mg  of  furosemide  in  others,  were  not  successful. 

TABLF  VII 

ATTEMPTS  AT  DIURESIS  INDUCTION 


;i  n  i 

NO.  TIMI.S 
USED 

TEMPORARILY 
SUCCESSFUL  SUCCESS! UL 

UNSUCCESSFUL 

Plasma  expander 

8 

1 

7 

Ethacrynic  acid 

9 

2 

7 

Mannitol 

7 

...  ... 

7 

Furosemide 

4 

4 

The  severity  of  the  complications  of  renal  failure 
presented  by  the  patient,  determined  the  initial  modalities 
of  therapy.  Those  presenting  with  pulmonary  edema,  hyper¬ 
kalemia  or  serious  neurologic  ,’ianife stations  of  uremia 
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underwent  hemodialysis  following  immediate  placement  of 
Auinton-Scribner  shunts  in  an  available  extremity.  A  program 
of  fluid,  potassium  and  protein  restriction,  coupled  with 
high  parenteral  carbohydrate  ^.occasionally  sodium  bicar¬ 
bonate  and  insulin  intake,  was  initiated  in  the  less  critical 
cases.  Kayexalate  was  used  to  control  serum  potassium. 

Shunting  and  dialysis  were  undertaken  in  these  patients  when 
(a)  the  serum  potassium  could  no  longer  be  maintained  below 
6.0  m2q/L,  (b)  the  BUN  reached  a  level  of  110  to  120  mg/100  ml, 
(c)  there  was  evidence  of  progressive  wound  sepsis  and  delayed 
healing,  or  t/i)  the  overall  clinical  condition  precluded  the 
continued  use  of  the  initial  conservative  program.  Periods  of 
hemodialysis  varied  from  four  to  eight  hotirs,  were  most  often 
carried  out  ev-.  ry  other  day,  but  frequently  daily  and  occa¬ 
sionally  every  third  day.  Regional  heparinization,  although 
used  initially,  was  replaced  by  a  system  in  which  the  Lee 
White  clotting  time  was  kept  in  the  range  of  12  to  15  minutes 
with  small,  intermittent  doses  of  heparin,  and  blood  flow 
rates  were  maintained  continuously  at  250  to  300  cc/min. 

Dialysis  was  carried  out  with  whole  blood,  packed  RBC  or  no 
coil  priming  depending  upon  the  volume  and  hematologic  status 
of  the  patient. 


Peritoneal  dialysis  was  used  in  these  patients  without 
marked  catabolism  who  had  intact  peritoneal  membranes.  The 
average  duration  of  this  method  of  treat  nt  was  4B  to  72  hours. 


In  addition  t-o  management  of  the  renal  failure,  intensive 
therapy  was  undertaker,  to  alleviate  underlying  and  associated 
surgical  and  medical  problems.  Primarily  this  involved  anti¬ 
biotics  with  debridement-drainage  procedures  for  septic  com¬ 
plications,  hyperalimentation  programs  to  promote  wound  heal¬ 
ing,  ventilatory  therapy  for  progressive  pulmonary  insuf¬ 
ficiency,  and  treatment  of  coagulopathies. 

Increments  of  blood  urea  nitrogen  were  calculated  daily 
for  all  patients.  TABLE  .ill.  Although  there  was  some  over¬ 
lap,  it  is  evident  that  the  catabolic  states  of  tissue  damage 
and  pyrexia  increased  the  rate  of  rise  of  the  BUN.  In  septi¬ 
cemia  patients  with  large  areas  of  soft  tissue  injury,  daily 
increases  of  BUN  were  consistently  ever  45  mg/100  ml.  Seven¬ 
teen  cf  the  23  patients  required  dialysis.  The  remainder 
either  did  not  need  dialysis  or  expired  before  the  manifest 
clinical  indication  for  it.  There  were  49  hemodialysis  runs 
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Ml  AN 

RANC.I 

Trauma 

28 

(62-10) 

Non-trauma 

12 

(31-  4) 

1-cbnle 

25 

(62-11) 

Afebrile 

16 

<30-  4) 

carried  out  on  12  patients  with  an  average  of  four  dialysis 
runs  per  patient.  Peritoneal  dialysis  was  used  six  times  on 
five  patients.  TABLE  IX. 


TABLE  IX 


MODALITIES  OF  MANAGEMENT 


NO.  OF  PATIENTS 


Dialysis 

Hemodialysis 
Peritoneal  dialysis 
(  onscrvalive  (No  dialysis) 


_ NO.  OF  DIALYSES 

Hemodialysis  40 

No.  per  pt.  (average)  4 
Peritoneal  Dialysis  h 


Pre-  and  ->st-dialysis  laboratory  values  are  shown  in 
TABLE  X.  In  gei.iral  it  can  be  seen  that  dialysis  was  effective 
in  improving  metabolic  parameters.  BUN  and  electrolyte  cor¬ 
rections  were  intentionally  made  by  small  increments  in  order 
to  avoid  neurologic,  neuromuscular  and  cardiac  complications. 
The  mean  decrement  of  BUN  was  52  mg/100  ml  per  dialysis. 

There  was  considerable  variability,  however,  as  can  be  seen 
from  the  table.  Ultrafiltration  was  varied  according  to  the 
hydration  status  of  the  patients,  which  accounts  for  the  wide 
range  of  values.  On  one  occasion  urea  was  added  to  the  bath 
to  retard  the  rate  of  urea  removal,  resulting  in  a  15  mg/100  ml 
increase.  The  situation  occurred  in  a  patient  who  developed 
seizures  following  an  initial  dialysis  during  which  the  BUN 
fell  from  200  to  86  mg/100  ml.  A  second  dialysis  was  required 
within  24  hours  because  of  recurrent  hyperkalemia.  Urea  was 
added  to  the  bath  to  prevent  the  likelihood  of  further  neuro¬ 
logic  manifestations  of  dysequilibrium.  /6/ 
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l-kl  MAI  YSIS 


IDS  I  MAI  YSIS 


Blood  urej  nitrogen 
(mg  / 1 00ml  ) 

1!^ 

208.C-  15.0 

77 

140.0-  15.0 

Sodium 
(mEq  ;L  ) 

133 

141.0-110.0 

138 

149.0-128.0 

Potassium 
(mEq  / L  ) 

5.7 

8.5-  3.1 

4.0 

6.7-  2.7 

Chloride 
(mEq  'L  ) 

88 

106.0-  64.0 

95 

106.0-  75.0 

HCO.v 

(ml-.q/I  ) 

36.0-  6.0 

19 

24.0-  14.0 

Calcium 

(mp  /  I  (X)inl  ) 

(>.2 

10.0-  4.1 

S.O 

9.6-  7.0 

Blood  rued  nitrogen 
(mg  /KXInii  ) 

/dialysis 

-52.0 

-114  to  +15 

Weight 

(kg) 

/dialysis 

-2.0 

■4.2  to  +0.7 

COMPLICATIONS  OF  DIALYSIS 

There  were  five  instances  in  which  clinical  complications 
were  related  to  dialysis.  Two  were  neurologic  'With  one  patient 
having  recurrent  seizures,  the  other  progressive  lethargy  and 
somnolence.  Both  were  transient  and  probably  resulted  from  too 
vigorous  dialysis.  Fever  occurred  twloe.  Onoe  it  was  thought 
to  be  a  reaction  to  blood  used  in  ooil  priming.  On  the  other 
occasion,  a  fever  spite  with  parasitemia  developed  in  the 
patient  with  falciparum  malaria.  This  occurred  after  he  had 
become  afebrile  ax>d  had  had  negative  malaria  assears  for  three 
days.  It  was  conjectured  that  the  parasitemia  was  related  to 
the  rate  of  quinine  removal  with  dialysis.  Gastrointestinal 
hemorrhage  from  unrecognized  duodenal  ulcers  began  at  the 
termination  of  a  dialysis  run  in  one  patient.  His  coagulation 
parameters  were  normal  at  the  time  bleeding  was  first  noted, 
but  a  Lee-White  clotting  time  of  20  minutes  bad  been  obtained 
earlier  in  the  run,  following  a  dose  of  heparin. 
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The  major  ollnieuJ  complications  for  all  patxonta  from 
the  time  of  initial  management  at  the  referring  facility  until 
disposition  are  shown  in  IABIE  XI.  The  most  frequent  problems 
were  related  to  sepsis  and  occurred  exclusively  in  the  trauma 
group.  Positive  blood  cultures  were  obtained  in  12  patients 
with  documented  septicemia,  A  single  instance  of  Pseudomonas 
meningitis  was  associated  with  Pseudomonas  septicemia. 


TABLE  XI 

CLINICAL  COMPLICATIONS 


Sepsis 

51 

Gastrointestinal  hemorrhage 

5 

Wound  infection 

16 

Encephalopathies 

5 

Septicemia 

12 

Wet  Lung  Syndrome 

5 

Pneumonia 

7 

Acidosis 

3 

Peritonitis 

6 

Arrhythmias 

1 

Abscesses 

6 

Hemopneumothorax 

! 

Urinary  infections 

3 

Atelectasis 

1 

Meningitis 

I 

TABLES  XII  and  XIII  provide  additional  data  on  infectious 
complications.  Other  relatively  common  problems  were  gastro¬ 
intestinal  and  wound  hemorrhage,  encephalopathies  due  to 
metabolic  abnormalities,  and  the  "wet  lung  syndrome".  Severe 
metabolic  acidosis  with  a  large  anion  gap  developed  in  three 
patients.  The  onset  was  acute  in  each  instance  and  at  a  time 
whan  uremia  and  acid-base  balance  appeared  to  be  well  controlled 
with  dialysis.  Twice  an  underlying  factor  of  sudden  extreme 
hypoxia  was  noted,  but  the  onset  appeared  to  be  spontaneous 
in  the  third  instance.  Although  pyruvate-lactate  levels  were 
not  measured,  it  was  assumed  that  lactic  acid  was  the  major 
contributor  in  the  absence  of  other  causes  for  the  acidosis. 

The  lack  of  renal  tubular  capacity  to  respond  to  the  acid  load 
added  to  the  severity  of  the  complication.  Improvement  was 
achieved  in  one  instance  with  sodium  bicarbonate  and  allevia¬ 
tion  of  the  hypoxia.  In  the  other  two  cases,  only  partial 
and  intermittent  correction  was  possible  despite  similar  treat- 
rent  plus  dialysis „  Digitalis  toxicity  manifested  by  parox¬ 
ysmal  atrial  tachycardia  with  variable  atrio-ventri  collar  block 
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INI  K  1  lOUS  COMPLICATIONS 
TIM1.  OF  ONSFT 


sn  r 


no.  of  patiknts 

Present  on  Admission  Unit  Acquired 


Wound  infections 

13 

3 

Pneumonia 

5 

2 

Septicemia 

7 

5 

Peritonitis 

5 

1 

Abscesses 

4 

1 

Urinary  infections 

1 

Meningitis 

1 

0 

occurred  on  one  occasion  associated  with  hypokalemia.  A 
large  hemopneumothorax  following  thoracentesis  and  massive 
postoperative  atelectasis  of  one  lung  following  laparotomy 
occurred  in  one  patient. 


Infectious  complications  were  analyzed  to  determine 
whether  these  were  present  on  admission  or  acquired  there¬ 
after,  in  order  to  (a)  evaluate  the  unit's  contribution  to 
infectious  complications  and  (b)  to  determine  the  association 
between  sepsis  and  the  occurrence  of  renal  failure.  Infec¬ 
tions  were  considered  nosocomial  with  respect  to  the  dialysis 
unit  if  they  were  either  not  present  on  admission,  or  if 
alteration  in  the  dominant  pathogen  cultured  from  a  septic 
site  on  admission  was  demonstrated.  The  majority  of  wound 
infections  and  most  instances  of  pneumonia  and  peritonitis 
were  present  at  the  time  of  admission.  Although  septicemia, 
focal  abscess  formation  and  urinary  tract  infections  were 
more  often  present  when  the  patient  was  received  in  transfer, 
the  difference  was  not  significant.  The  single  case  of  men¬ 
ingitis  had  developed  before  the  time  of  admission.  Although 
no  causal  relationship  between  sepsis  and  acute  renal  failure 
can  be  derived  from  these  data,  there  exists  a  strong  associ¬ 
ation  between  the  two  entities.  TABLE  XIII. 


TABLE  XIII  gives  a  breakdown  of  bacteria  cultured  from 
various  sites  on  admission  and  thereafter.  Organisms  were 
considered  dialysis-unit  acquired  if  a  new  dominant  organism 
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TABLE  XUI 

INFECTIOUS  COMPLICATIONS 
CULTURE  DATA 


ORGANISMS* 


Staph,  aur, 
(coag.  +) 

Pro', 
(indole  -) 

Prot, 

(Indole  +) 

E,  coli 

Pt.  A 

KE 

M-H  A/aec. 

Cand 

Tolsil 

1 

5 

1.  Admission 

7  12 

27 

17 

4  ... 

•  •  • 

Wounds 

1 

4 

6 

8 

14 

11 

Spultim 

1 

1 

3 

4 

3 

2 

'  '  ' 

Blood 

.  .  . 

.  .  . 

1 

6 

3 

. 

Urine 

.  .  . 

2 

. 

•  •  B 

Sp.  Iluid 

i 

. . . 

. 

. . . 

Total 

1 

2 

II.  Unit  Acquired 

2  3 

4 

6 

4  1 

1 

Wounds 

.  .  . 

1 

1 

2 

•  •  • 

1  ... 

Spulum 

1 

.  .  . 

1 

1 

1 

3 

2  1 

... 

Blood 

.  .  . 

1 

. . . 

1 

3 

»  •  •  •  •  • 

•  •  • 

Urine 

.  .  . 

.  .  . 

. , , 

1 

1  ... 

1 

Sp.  Iluid 

•  •  • 

.  .  . 

•  •  * 

*  • 

.  •  . 

...  «  •  * 

•  « 

'  I  J’i'.atd: 

Staph,  inn.  *  StaphyliH'occu*  uurcu* 
I’rot.  r  f’roii'u* 

I-.  coli  -  l  uhcricliia  coli 

IS,  A  -  iVnidomomo  acrupnow 

K-l  ■  Klehnella-Enterobtietef 

M-l  I  -  Minta-llcrcllca 

A.  rate.  *  Alinlijrenc*  facvalU 

Cancl  *  Candida 


appeared,  or  if  the  sita  was  originally  eterile  or  showed 
normal  flora.  Polymicrobial  infection  of  all  sites  txoapt 
the  blood  and  urine  vaa  the  rulej  hove ter,  on  three  ocoasions 
even  blood  cultures  were  simultaneously  positive  for  two 
organisms.  The  data  show  that  all  cultures— whether  positive 
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at  admission  or  after  hospitalization  in  the  unit  —  6rew  out 
gram-negative  organisms  in  all  but  four  instances.  Again, 
regardless  of  origin,  Pseudomonas  aeruginosa,  Klebsiella 
Kntero barter  and  E.  coli  were  the  most  common  bacteria. 
Proteus  was  tne  next  most  frequent  isolate  in  both  groups. 
Alcaligenes  fae calis  and  Mima-Herellea  were  never  cultured 
as  the  predominant  or  sole  organism  and  were  of  questionable 
significance.  Staphylococcus  aureus  was  the  principal  bac¬ 
terium  in  one  instance  of  pneumonia  and  was  grown  from  a 
biliary  drain  on  another  occasion.  The  sole  case  of  Candida 
septicemia  occurred  in  a  patient  with  a  polyethylene  central 
venous  pressure  catheter  —  the  tip  of  which  was  also  found 
positive  for  the  organism  on  culture. 


ri  s’  t.rs 

Of  the  24  patients  referred  to  the  dialysis  unit,  seven 
survived,  15  expired  while  in  the  unit,  and  two  others  died 
subsequently  in  PAXM  facilities  following  their  initial 
dialysis  therapy  aboard  the  SANCTUARY.  Of  the  seven  survivors, 
six  regained  normal  renal  function  as  determined  by  3UN,  serum 
creatinine,  creatinine  clearance,  urine  concentrating  and 
diluting  ability,  and  urinalysis  studies.  The  seventh  patient 
with  acute  glomerulonephritis  attained  partial  return  of  renal 
function  with  a  creatinine  clearance  of  30  cc/min  at  the  time 
of  discharge,  one  month  post  dialysis. 

When  the  survival  figures  are  analyzed  on  the  basis  of 
modality  of  therapy  and  type  of  antecedent  illness,  the  results 
shown  in  TA3L2S  XIV  and  XV  are  obtained.  Of  seven  patients 
who  did  not  receive  dialysis  therapy,  four  died.  Three  of  the 
expired  patients  did  not  require  dialysis  at  the  time  of  death 
and  one  patient  expired  before  its  institution.  Of  the  17 

dialyzed  patients,  four  survived  and  13  died - 11  while  in 

the  dialysis  unit  and  two  following  transfer.  Pour  of  the 
five  pitients  in  the  nontrauma  group  survived.  In  the  trauma 
group  there  were  three  survivors  out  of  19  patients. 
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TABU-  XIV 


SURVIVAL  -  MODALITY  OE  THERAPY 


NO.  OF  PATIENTS 


Conservative  therapy 
Survived 
Expired 


Dialysis  therapy 
Survived 
Expired 

Transferred,  subsequently 
expired 


TABLE  XV 


SURVIVAL  -  ANTECEDENT  ILLNESS 


Trauma 

Survived 

Expired 

Transferred,  subse¬ 
quently  expired 


19  Non-trauma 
Survived 
Expired 
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The  causes  of  death  am  listed  in  TABLE  XVI.  Jepsis 
—  subdivided  into  gram-negative  bacteremia  with  septic 
shock,  pneumonia  and  generalized  peritonitis — -was  con¬ 
sidered  the  direct  cause  of  death  in  11  patients.  Infec¬ 
tious  processes  were  a  major  contributor  to  demise  in  an 
additional  four  patients.  The  remaining  deaths  were  due 
to  wet  lung  syndrome,  cerebral  edema  in  a  postcraniotomy 
patient,  gastrointestinal  hemorrhage  and  acute  hemorrhagic 
pancreatitis. 

TABLE  XVI 
CAUSES  OF  DEATH 

Septic  shock 
Pneumonia 
"Wei  h-ng"  syndrome 
Peritonitis  -  01  infarction 

Ccrchrai  edema  •  medullary 
compression 

01  hemorrhage 
Pancreatitis 


COMSU-NTS 

Acute  renal  failure  constitutes  a  complex  management 
problem  regardless  of  its  etiology  and  clinical  antecedents. 

In  the  setting  of  massive  trauma  and  sepsis,  the  therapeutic 
problems  are  compounded  by  the  necessity  for  simultaneous 
treatment  of  related  diseases  in  addition  to  the  kidney  shut¬ 
down.  Nearly  all  of  the  patients  treated  in  this  series  were 
suffering  from  a  multiplicity  of  traumatic  injuries.  Although 
extremity  wounds  were  the  most  frequent,  they  were  often  rel¬ 
atively  minor  in  nature.  Thoraco-abdominal  injuries,  and 
particularly  bowel  injuries,  seemed  to  be  the  most  devastating 
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in  terms  of  patient  mortality;  they  were  frequently  associated 
with  sepsis  and  poor  wound  healing,  and  necessitated  prolonged 
parenteral  feeding. 

The  etiology  of  acute  renal  failure  in  the  trauma  group 
appears  to  involve  a  combination  of  clinical  factors.  Two 
thirds  of  the  group  had  documented  hypotension  before  the  on¬ 
set  of  renal  failure.  Nearly  all  cases  received  blood  trans¬ 
fusions,  but  without  known  reactions.  Sepsis  was  an  early 
complication  in  these  patients;  however,  except  in  those  with 
septic  shock,  it  was  difficult  to  detenaine  the  exact  onset 
of  sepsis  and  its  temporal  relationship  to  the  kidney  shut¬ 
down.  There  were  no  instances  of  overt  myoglobinuria  or 
hemoglobinuria;  urinary  tests  for  these  substances  were 
either  negative  or  not  significant.  Contrariwise,  the  causal 
factors  in  the  nontrauma  group  were  more  readily  explicable 
and  intimately  related  to  the  basic  disease  process  as  an 
accepted  complication. 

Oliguria  was  a  manifestation  of  renal  failure  in  nearly 
all  patients;  but  three  had  urine  volumes  exceeding  a  liter 
per  day  while  there  was  progressive  rise  in  the  BUN  and  serum 
potassium.  All  cases  of  "high-output”  renal  failure  /7/ 
occurred  in  individuals  with  bilateral  amputations  of  the 
lower  extremities  in  highly  catabolic  states.  The  urine  was 
characterized  by  low  overall  solute  excretion  and  a  relatively 
high  rate  of  free  water  clearance.  The  urine  volume  could 
be  further  increased  with  diuretic  agents,  but  there  was 
little  effect  on  solute  excretion. 

In  general,  the  data  from  the  present  experience  would 
indicate  that  attempts  at  diuresis  with  either  plasma  expanders 
or  -diuretic 3  are  of  little  value  when  there  is  good  clinical 
and  laboratory  evidence  that  oliguria  is  due  to  acute  tubular 
injury.  Often  the  immediate  critical  problem  at  the  of 

admission  was  overhydration,  resulting  from  unsuccessful  fluid 
trials  to  "flush  the  kidney". 

The  treatment  of  acute  renal  failure,  as  an  isolated 
aspect  of  the  total  disease  process,  was  successful  in  that 
none  of  the  patients  expired  as  a  direct  result  of  a  renal 
metabolic  complication.  This  is  not  to  say,  however,  that 
further  improvement  in  dialysis  techniques  and  metabolic  man¬ 
agement  could  not  provide  further  benefit  in  treating  the 
basic  disease  and  its  complications.  Though  controlled  studies 
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are  lackin'',  it  would  appear  that  patients  tend  to  feel  better 
and  recover  more  often  with  early  and  frequent  dialysis  designed 
to  restore  approximate  biochemical  normalcy.  The  survival  data 
fail  to  indicate  that  early  dialysis  significantly  altered  the 
ultimate  outcome,  but  the  time  from  onset  of  renal  failure  to 
death  was  possibly  somewhat  longer  in  those  expiring. 

A  disappointing  observation  was  that  vigorous  ultrafiltra¬ 
tion  with  several  kilograms  of  fluid  removal  was  not  beneficial 
in  reversing  the  "wet  lung"  process  once  it  was  established. 
Interstitial  and  alveolar  edema  fluid  seemed  to  remain  fixed 
regardless  of  weight  loss  or  the  addition  of  mannitor  or  albu¬ 
min  to  the  patient's  vascular  volume. 


Technical  difficulties  encountered  were  mainly  those  of 
hypotension  both  in  the  early  and  late  pbasss  of  dialysis,  the 
finding  of  adequate  shunt  sites  in  those  with  multiple  extrem¬ 
ity  injuries,  and  occasional  clotting  of  the  coil  or  venous 
tubing  when  attempting  to  keep  the  degree  of  anti coagulation 
at  a  minimum.  None  of  these  constituted  an  insurmountable 
problem  and  both  standard  and  Innovative  measures  could  be 
applied  to  alleviate  them.  Whether  regional  heparinization 
should  have  been  used  more  frequently  in  the  trauma  patients 
is  uncertain.  Bleeding  was  not  an  overall  significant  problem; 
however,  in  one  patient  with  multiple  unsuspected  duodenal 
ulcers,  who  bled  massively  following  dialysis,  hemorrhage  was 
the  direct  cause  of  death. 


Hie  major  clAnical  problem  and  primary  prognostic  indi¬ 
cator  was  the  presence  of  sepsis.  It  was  extremely  difficult 
to  reverse  the  process,  and  once  septicemia,  severe  pneumoni¬ 
tis,  peritonitis  or  progressive  wound  Life colon  developed,  there 
seemed  to  be  little  of  therapeutic  benefit  available.  No  doubt 
the  frequency  of  virulent  gram-negative  organisms  was  a  sig¬ 
nificant  factor.  The  disc  sensitivity  and  tube-dilution  studies 
performed  on  initial  cultures  suggested  that  the  Pseudomonas, 
Kiebsiella-Enterobacter,  coll  and  Proteus  bacteria  should 

have  responded  to  the  appropriate  antibiotics  -  including 

kanamycin,  gentaroycin,  chloramphenicol.,  ampiciliin  and  ceph- 

alothin  - even  when  appropriate  adjustments  in  dosage  both 

for  dialysis  and  decreased  renal  function  were  made.  /8,9/ 

An  additional  possibility  may  be  that  more  vigorous  and  early 
surgical  debridement,  drainage  and  amputation  should  be  carried 
out,  in  view  of  the  overall  disappointing  results  in  cases 
presenting  infectious  complications. 
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i  verail  survival  of  this  group  of  patients  was  2^  percent 
with  all  but  one  of  the  deaths  occurring  in  the  trauma  group. 
It  is  evident  from  this  experience  that  the  prognosis  for 
patients  with  acute  renal  failure  depends  upon  the  severity 
of  the  underlying  trauma  or  illness  and  its  complications. 
Though  the  metabolic  consequences  of  kidney  shutdown  could  be 
controlled,  the  mortality  rate  was  not  appreciably  less  than 
that  noted  with  pre-dialysis  methods  of  management.  Improved 
survival  rates  will  have  to  await  improved  management  of  the 
basic  injuries  and  prevention  of  septic  complications. 
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REGENT  ADVANGES  IN'  THK  IMMUNOLOGY  OF  CLOMERULONEPHU1 11S 
MAJ  Stephen  R.  Steinmullcr.  MG 


In  1827  with  his  description  of  a  heterogenous  group  of 
patients  having  "albuminous  urine"  and  renal  insufficiency, 
Richard  Bright  established  chronic  renal  disease  as  an  entity 
and  provided  an  eponym  for  a  large  group  of  disorders  affecting 
the  kidneys.  By  1836,  Bright  had  collected  some  100  cases 
which  he  presented  in  tabular  form  in  the  Guy1 s  Hospital  Reports 
cf  that  year.  The  common  denominator  of  these  findings  was 
albuminuria  associated  with  gross  morphologic  changes  in  the 
kidneys  at  postmortem.  It  is  probable  that  the  majority  of 
these  patients  were  suffering  from  chronic  glomerular  diseases. 

Little  progress  was  made  in  the  delineation  and  under¬ 
standing  of  these  diseases  until  the  systematic  work  by  Volhard 
and  Eahr  in  1914  in  which  inflammatory  processes  of  the  glo¬ 
merulus  were  separated  from  conditions  which  were  thought  to 
be  either  primarily  vascular  or  degenerative  in  origin.  Since 
then  classification  and  understanding  of  glomerulonephritis 
has  remained  primarily  descriptive  either  from  a  clinical  or 
a  pathological  standpoint.  A  lack  of  information  concerning 
either  etiology  or  pathogenetic  mechanism  has  made  other 
approaches  impossible.  The  outstanding  contributions  of 
authors  such  as  Addis,  Ellis,  Jennings  and  Earle,  Longcape, 
and  others  were  concerned  with  the  clinical  ari  pathological 
correlations  of  a  group  of  diseases  who 36  origins  remained  a 
mystery.  Ir.  the  1950s  and  1960s  with  the  development  of 
corticosteroids  and  antimetabolites  as  potential  therapy,  the 
lack  of  fundamental  knowledge  of  these  illnesses  became  more 
critical. 


Appreciating  the  deficiencies  of  the  clinical  approach, 
a  number  of  workers  began  in  the  1930s  to  develop  experimental 
models  of  human  glomerulonephritis  in  laboratory  animals. 

Many  of  the  inherent  limitations  of  human  study  could  thus  be 
bypassed,  allowing  great  latitude  in  the  manipulation  of 
experimental  material.  Thus,  beginning  in  earnest  in  1933 
with  the  work  of  M.  Masugi  utilizing  poorly  understood  immune 
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me chanisras  to  produce  clinical  and  pathological  disease  states 
indistinguishable  from  human  glomerulonephritis,  a  new  concept 
of  the  pathophysiology  of  glomerular  injury  ha3  evolved.  Al¬ 
though  many  details  remain  unclarlfied  and  etiologic  factors 
are  still  largely  unknown,  the  progress  to  date  has  been  suf¬ 
ficient  to  create  a  new  basis  for  the  classification  and 
possible  treatment  of  glomerulonephritis. 


1  XPLKIMUNTAl.  MODELS 

Great  effort  has  been  expended  in  the  development  and 
understanding  of  models  of  Immunologic  glomerular  injury.  It 
has  become  evident  from  such  study  that  two  mechanisms  are 
operative  in  experimental  and  human  disease  states  the 

first  mediated  by  an  antibody  assault  formed  and  directed 
specifically  against  constituents  of  the  glomerular  basement 
membrane  (GBM),  and  the  Becond  caused  by  circulating  soluble 
immune  complexes  (i.e.  antigen-antibody  complexes  unrelated 
to  glomerular  tissue)  passively  lodging  within  the  glomerulus 
leading  to  injury  of  this  innocent  bystander.  Application  of 
these  concepts  of  pathophysiology  to  human  disease  is  impos¬ 
sible  without  familiarity  with  the  animal  models  from  which 
they  have  been  developed. 


Neplimtoxic  Nephritis:  The  Masa^i,  Stchlay  aiul  Kay  models 
llii/crcnc <■  C0..1I  RA  c<  al  I'ed  Pror  28:191-205.  1969) 


Working  in  1933»  Masagi  was  able  to  show  the  development 
of  glomerulonephritis  in  rats  injected  with  serum  from  ducks 
or  rabbits  immunized  against  rat  kidney  antigens.  The  char¬ 
acter  and  severity  of  the  resulting  disease  was  related  to  the 
strength  and  dosage  of  heterologous  serum  used  and  both  acute 
and  chronic  nephritis  were  produced.  Figure  1.  In  this  model 
large  doses  of  heterologous  serum  led  to  early  heavy  protein¬ 
uria,  and  subsequent  development  of  the  nephrotic  syndrome, 
ronal  failure,  and  death  weeks  or  months  after.  Staaller  doses 
caused  lesser  degrees  of  proteinuria  with  the  gradual  develop¬ 
ment  of  a  chronic  glomerulonephritis.  In  both  instances, 
rona]  morphology  in  the  initial  phase  consisted  of  swelling 
and  proliferation  of  endothelial  oells,  basement  membrane 
thickening,  and  occasional  fibrin  thrombi.  Later  there  was 
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Masugi  iiukJcI.  Kidney  from  ra(  is  injected  into  rabbit  to  develop  antikidney  antibody.  Thi*  is  directed 
in»\ily  against  the  rat  kidney  basement  membrane.  Injection  of  rat  with  antikidney  antiserum  from  the 
rabbit  produces  nephrotoxic  nephritis  which  is  based  on  an  immunological  assault  directed  against  the 
glomerular  basement  membrane.  The  renal  disease  may  be  either  acute  nephrotic  syndrome  or  chronic 
nephritis,  depending  on  dose  or  potency  of  the  antikidney  antibodies  given.  (Good.  Fig.  7.)  Reproduced 
with  permission. 

progressive  thickening  of  glomerular  basement  membranes  with 
endothelial  and  epithelial  proliferation,  lobulrtion  of  tufts, 
the  formation  of  adhesions  and  fibrous  scare  with  gradual 
obliteration  of  the  glomerulus. 

In  the  Kay  model  (Figure  2)  nephrotoxic  serum  was  produced 
in  the  duck  by  injection  of  rabbit  kidney  antigens.  In  this 
c a no  injection  of  the  serum  into  rabbits  was  followed  by  a  6-8 
day  period  without  proteinuria  or  morphologic  change  after 
which  heavy  proteinuria  and  glome rulonephri tie  developed. 

Analysis  by  several  groups  has  established  the  salient 
features  of  these  models.  The  toxic  effect  of  the  hetero¬ 
logous  serum  lies  in  the  preeenoe  of  antibodies  directed' 
against  basement  membrane  antigens.  Moderate  doses  lead  to 
Immediate  fixation  of  antibody  on  basement  membrane  sites  of 
the  target  glomeruli.  This  is  followed  by  a  sequence  of  com¬ 
plement  fixation  and  activation,  chemo tactic  attraction  of 
polymorphonuclear  leukocytes  by  a  C567  oomplex  and  perhaps 
liberation  of  lysosomal  ensymes.  Depletion  of  animals  of 
either  polymorphonuolear  leukocytes  or  complement  averts  both 
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the  early  morphological  changes  and  th6  immediate  proteinuria. 

In  the  Kay  model  the  fact  that  duck  gamma  globulin  fixes  rabbit 
complement  poorly  explains  the  lack  of  immediate  toxicity 
despite  antibody  fixation.  When  larger  doses  of  antibodv  are 
administered,  leading  to  saturation  of  most  of  the  antigenic 
sites,  proteinuria  develops  even  in  complement  and  polymorpho¬ 
nuclear  leukocyte  depleted  animals.  The  reason  for  this  is 
unknown. 

Dixon's  group  have  also  shown  that  following  this  initial 
period  of  injury  there  occurs  an  autologous  phase  with  the 
development  of  host  antibodies  directed  against  the  heterologous 
antibody  fixed  within  the  glomeruli.  Fixation  of  these  newly 
formed  antibodies  to  GBM-bound  heterologous  antibody  results 
in  sustained  nephritis  and  explains  the  delayed  appearance  of 
disease  in  the  Kav  model.  Elimination  of  this  host  response 
by  x-radiation  or  neonatal  induction  of  tolerance  to  foreign 
gamma  globulin  prevents  this  autologous  phase,  permitting 
gradual  healing  of  the  initial  phase  glomerular  lesions. 
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Kj\  model  Antibody  against  ubbi!  glomerular  membranes  is  formed  m  the  duck  Small  dosage'  ol 
‘I;|-  k  anrirjbbii  kidney  scrum  ,njcs  led  into  rabbil  Rabbit  complement  is  poorly  fined  b\  duck  antib.n'.s 
Hie  rabbit  forms  antibods  againsi  duck  gamma  globulin  some  of  which  is  fi\cd  to  Us  glomerular  membrane 
\  dub'isin  lorni  ot  directed  immunological  assault  may  ensue  where  foi  one  reason  or  another  foreign 
miigi  n  is  atiaibed  to  host  glomcrulai  membrane  when  antibody  against  that  anticcn  becomes  asailabic 
In-  11  i  Reproduced  with  permission 
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Although  the  intensive  study  of  the  Masagi  and  Kay  models 
has  permitted  significant  insights  into  the  mechanisms  of 
renal  injury  caused  by  anti-GBM  antibodies,  it  was  not  until 
Steblay's  demonstration  of  the  induction  rf  autologous  anti-GBM 
disease  in  sheep  in  1962  that  applicability  of  these  models  to 
forms  of  human  glomerulonephritis  became  established.  The 
Steblay  model  (Figure  3)  consisted  of  the  injection  of  hetero¬ 
logous  glomerular  basement  membranes  isolated  from  other 
species,  combined  with  Freund's  complete  adjuvant,  into  sheep. 
Animals  thus  treated  invariably  developed  a  fulminant  glomer¬ 
ulonephritis  terminating  in  death  within  weeks  to  month u.  The 
pathology  in  these  cases  was  remarkably  similar  to  human  rapidly 
progressive  glomerulonephritis,  showing  prominent  epithelial 
cell  proliferation  with  fibro  epithelial  crescents  formation 
and  glomerular  obliteration.  The  disease  was  transferable  to 
healthy  animals  by  either  cross-circulation  or  the  injection 
of  serum  from  nephre ctomized  diseased  animals.  In  the  latter 
case  Dixon's  group  has  shown  a  sharp  rise  in  the  level  of  cir¬ 
culating  autologous  anti-GBM  antibodies  once  their  site  of 
removal  (the  kidney)  is  eliminated.  These  investigators  have 
recently  demonstrated  similar  rises  4n  antibody  titers  in  the 
sera  of  certain  nephrec torn! zed  patients  awaiting  transplantation. 
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Stebljv  mnijcl  Isoljled  basement  membranes  from  a  primate  or  human  souitv  are  mjeded  into  the  sheep. 

I  tie  sheep  makes  antibody  against  these  foreign  membranes  which  cross-read  with  antigens  ot.  the  sheep’s  own  • 
glomerular  membrane.  Thin,  a  directed  Immunological  assault  occurs  against  the  sheep’s  glomerular  mcmhrancs 
by  an  auto  mtlhody  formed  In  the  sheep.  The  disease  prodmrd  Is  a  fatal  progresslse  nephritis,  (flood,  Hg,  8} 
Keprodmed  with  permission. 
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The  demonstration  that  the  immunization  of  sheep  to  hetero¬ 
logous  glomerular  basement  membrane  antigen  causes  the  formation  of 
antibodies  having  cross-reactivity  to  autologous  antigens  led 
several  workers  to  investigate  the  possibility  of  immunizing 
animals  to  homologous  and  autologous  glomerular  antigens. 

These  efforts  were  surprisingly  successful  in  a  number  of 
hosts,  which  led  to  the  production  of  true  autoimmune  anti-GBM 
nephritis. 

Analysis  of  the  histopathology  of  all  these  models  of 
nephrotoxic  nephritis  by  immunofloure scent  techniques  reveals 
intense  staining  for  IgG  and  BiC  in  a  linear,  ribbon-like 
pattern  along  the  glomerular  basement  membranes  (Figure  4). 

By  extensive  investigation  the  specificity  of  the  histochemical 
techniques  used  and  the  pathogenic  significance  of  the  linear 
deposition  of  immunoglobulins  have  been  well-established. 

This  pattern  may  now  be  considered  the  hallmark  of  direct 
immunologic  assault  on  the  glomerulus. 


Fig.  4.  Fluorescent  photomicrograph  of  a  diseased  glomerulus  stained  with  fluresccnc-labcled  anti- 
globulin  to  IgG.  Note  the  ribbon-like  pattern  corresponding  to  the  deposition  of  immunoglobulin 
in  the  Masugi,  Kay.  and  Stcblay  models. 
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Iiuiimtu'  Complex  Dimmxc  ’Hr*  xenmi  Miktu'xx.  Ilevnum,  ami  oiitei  models 

Sotum  Sickness  Model  tasutc  and  chrome ) 

The  injection  of  foreign  proteins  into  animals  or  man  has 
been  repeatedly  shown  to  result  in  the  typical  syndrome  of 
serum  sickness,  manifested  by  fever,  arthralgia,  arteritis 
and  glomerulonephritis.  The  pathogenesis  of  the  syndrome  has 
been  clearly  delineated  by  several  investigators.  Figure  5. 

The  injected  antigen  elicits  an  antibody  response  after  a 
variable  period,  usually  within  14  days.  As  increasing  amounts 
of  antibody  are  produced,  complexing  of  antibody  with  antigen 
occurs  within  the  circulation.  Complexes  formed  early  in  the 
course  under  states  of  antigen  excess  tend  to  be  soluble  since 
the  amounts  of  antibody  available  are  too  small  to  form  macro- 
molecular  precipitating  aggregates.  These  circulating  soluble 
complexes  are  biologically  active  in  fixing  and  activating  the 
complement  system  and  other  mediators  of  increased  vascular 
permeability.  These  changes  appear  necessary  for  the  subse¬ 
quent  deposition  of  the  complexes  within  glomerular  capillary 
loops  and  vessel  walls.  Finally,  complement  activation  in  situ 


D«y$  ««er  infection*  of  I’BSA 

i  ig  5  Classic  picture  of  scrum  sickness  as  rcscaicd  by  immunochemical  analyses  of  Dixon  and  cir-uotkets. 
Sole  that  the  arteritis  and  glomerulonephritis  begin  sshiic  soluble  antigen-antibody  complexes  arc  present 
in  the  circulation  just  prior  to  the  onset  of  immune  elimination.  BSA-bovinc  scrum  albumin.  (Good.  I  ig.  1 .. 
as  taken  from  Dixon  I  J  Arch  Path  o5  20.  1 958.  Tig  2  I  Reproduced  sxith  permission 
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by  deposited  immune  aggregates  initiates  the  injurious  inflam¬ 
matory  response  (vide  infra).  Thus,  the  appearance  of  glomer¬ 
ular  and  arterial  lesions  closely  parallels  the  development 
of  the  antibody  response  and  the  subsequent  disappearance  of 
circ-ulating  antigen,  as  complexes  are  deposited  within  blood 
vessels  or  are  cleared  by  the  reticulo-endothelial  system. 

Free  antibody  first  becomes  detectable  in  the  circulation  at 
the  time  of  disappearance  of  antigen,  reaching  a  peak  level 
three  days  later.  Small  amounts  of  antibody  are  subsequently 
produced  and  the  serum  level  falls  as  normal  immunoglobulin 
catabolism  takes  place.  The  resulting  glomerulonephritis  is 
short-lived,  corresponding  to  the  period  during  and  shortly 
after  antigen  removal.  Pathologically  there  is  a  marked  pro¬ 
liferation  of  endothelial  cells  with  encroachment  on  capillary 
lumina  and  diffuse  swelling  of  the  glomerulus.  Polymorpho¬ 
nuclear  leukocyte  accumulation  is  Been  at  the  sites  of  tissue 
injury.  By  immunofloure scent  techniques  (Figure  6)  antigen, 
antibody,  and  BqC  globulin  (C3  -  the  third  component  of 
complement)  are  seen  deposited  in  a  granular,  lumpy-bumpy 
fashion  along  the  basement  membrane.  Early  in  the  course, 
electron  microscopy  reveals  occasional  deposits  along  the 
endothelial  side  of  the  basement  membrane  while  later  study 
shows  large  electron  dense  "humps"  along  the  epithelial 
surface.  These  are  believed  to  represent  large  macromole cular 
aggregates  of  antigen  antibody  complexes.  Proteinuria  is  a 
prominent  result  of  the  tissue  injury  but  rapidly  clears  with 
morphologic  healing  following  disappearance  of  circulating 
complexes.  Proof  of  the  central  role  of  these  protein  aggre¬ 
gates  in  the  pathogenesis  of  the  diseaBS  is  given  by  the 
prompt  development  of  identical  lesions  in  animals  injected 
with  soluble  immune  complexes  created  in  vitro. 

With  more  complete  understanding  of  acute  serum  sickness 
in  the  1950s,  efforts  to  produce  chronic  disease  states  by 
prolonging  the  phase  of  antigen  excess  were  initiated.  Dixon 
and  co-workers  and  later  Germuth  and  associates  were  able  to 
produce  chronic  glomerulonephritis  in  rabbits  through  repeated 
injections  of  foreign  antigen  over  periods  of  weeks  to  months. 
In  such  experiments,  animals  could  be  divided  into  three  groups 
depending  upon  the  degree  of  their  antibody  response.  Animals 
developing  extremely  high  liters  of  antibody  were  able  to  main¬ 
tain  states  of  antibody  excess  within  the  circulation  despite 
increasing  doses  of  antigen.  Under  these  circumstances  pre¬ 
cipitating  insoluble  complexes  were  fonaed  and  were  rapidly 
cleared  by  the  reticulo-endothelial  system.  Glomerulonephritis 
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Fig.  6.  Fluorescent  photomicrograph  from  animal  with  acute  scrum  sickness.  Note  the  lumpy- 
bumpy  pattern  of  fluresccnce  from  IgG  +  BjC  which  is  characteristic  of  acute  serum  sickness-type 
glomerulonephritis. 

occurring  after  the  initial  exposure  to  antigen,  quickly 
cleared  and  chronic  disease  did  not  develop.  Anaphylaxis 
was  a  common  sequel  of  antigen  injection.  A  second  group  of 
animals  failed  to  produce  any  antibody  and  did  not  show  renal 
injury.  Animals  producing  average  or  low  levels  of  antibody, 
however,  developed  progressive  glomerulonephritis.  In  this 
group  states  of  antigen  excess  could  be  obtained  repeatedly 
with  antigen  injection  and  soluble  immune  complexes  were 
present  for  prolonged  periods.  The  renal  disease  was  mani¬ 
fested  by  hematuria,  prowinuria,  azotemia  and  frequently 
death.  The  nephrotic  syndrome  was  a  common  feature.  The 
earliest  morphologic  change  was  pronounced  diffuse  thickening 
of  basement  membranes,  followed  by  proliferation  of  endo¬ 
thelial  and  epithelial  cells,  lobulation  and  scarring  of 
capillary  tufts,  with  subsequent  obliteration  by  collagenosis 
tissue.  By  immunofluore scent  techniques  antigen,  antibody, 
and  BqC  were  deposited  together  in  the  same  granular,  lumpy 
fashion  as  in  acute  serum  sickness.  Extent  of  deposition  was 
related  only  to  the  degree  of  basement  membrane  change,  and 
in  no  case  could  either  antigen  or  antibody  be  demonstrated 
alone,  without  the  other.  By  electron  microscopy  dense  sub- 
epithelial  deposits  were  noted  within  the  basement  membrane 
with  sheets  of  epithelial  cell  cytoplasm  over  them.  The  size 
and  distribution  of  these  dense  "humps"  corresponded  closely 
to  the  deposits  seen  by  immunofluorescence. 
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To  determine  reversibility  of  disease  once  established, 
Dixon's  group  followed  a  number  of  rabbits  with  mild  to  severe 
proteinuria  and  morphologic  change  at  biopsy  for  a  variable 
period  after  cessation  of  antigen  injections.  In  those  animals 
with  the  most  pronoun oed  histologic  change  and  heaviest  pro¬ 
teinuria,  scarring  and  destruction  proceeded  relentlessly  to 
renal  failure.  When  only  mild  proteinuria  was  present  in 
association  with  early  morphologic  change,  proteinuria  de¬ 
creased  or  disappeared  after  cessation  of  antigen  injection. 

At  sacrifice  or  death  little  morphologic  improvement  could  be 
seen  sven  in  animals  with  clinical  evidence  of  healing.  Immuno- 
fluorescent  staining  for  antigen  and  BiC  was  progressively  less 
intense,  however,  and  breaking  up  of  the  subepithelial  dense 
deposits  could  be  seen  by  electron  microscopy.  Thus,  these 
studies  demonstrated  a  "point  of  no  return"  beyond  which  heal¬ 
ing  could  not  occur,  and  showed  that  histologic  healing  when 
it  occurred  lagged  far  be.Ind  clinical  and  immuno-histo chemical 
changes. 


The  Hcjnijn  Model 


In  1959  Heyaan  and  co-workers  reported  the  results  of  a 
aeries  of  experiments  involving  the  production  of  Hie  nephrotic 
syndrome  in  rats  by  the  intraperitoneal  injection  of  rat  kidney 
extracts  and  Freund' 3  adjuvants.  The  severity  of  the  disease 
appeared  to  be  related  to  the  dose  injected.  When  extracts  of 
liver,  muscle  and  lung  were  used  with  adjuvant  disease  was 
seldom  produced.  Additionally,  Freund's  adjuvant  alone  or  rat 
kidney  suspension  done  were  ineffective.  The  disease,  once 
started,  continued  despite  cessation  of  the  injections;  and 
at  autopay  moderate  to  severe  membranous  glomerulonephritis 
with  focal  interstitial  plasma  cell  and  lymphocyte  infiltration 
were  seen. 

Although  this  model  was  initially  thought  to  be  analagous 
to  the  Steblay  model,  subsequent  investigation  revealed  that 
IgG  and  BiC  were  deposited  in  the  glomeruli  of  affected  animals 
in  a  granular,  lumpy-bumpy  fashion  in  contrast  to  the  linear 
pattern  cf  anti-GBM  nephritis.  Figure  7.  Electron  dense  sub- 
epithelial  deposits  like  those  of  chronic  serum  sickness,  were 
noted  corresponding  presumably  to  agg  -j  gates  of  antigen-antibody 
complexes.  Figure  8.  The  final  isolation  of  the  specific  renal 
tubular  antigen  involved  allowed  the  characterization  of  the 
pathophysiology  of  th:  s  model.  Injection  of  complete  Freund's 
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adjuvant  combined  with  a  purified  high  density  lipoprotein 
obtained  from  the  brush  borders  of  proximal  tubular  cells  was 
shown  to  lead  to  production  of  auto  antibodies  which  then 
reacted  with  both  the  injected  antigen  and  the  minute  quan¬ 
tities  of  autologous  renal  tubular  antigen.  As  in  the  serum 
sickness  models,  complexes  were  deposited  with  complement  in 
the  glomeruli  of  the  affected  animals,  leading  to  proteinuria 
and  nephritis.  The  disease  was  self-perpetuating  because  of 
the  normally  occurring  continuous  liberation  of  renal  tubular 
antigen  into  the  animal's  circulation.  The  elimination  of 
the  normal  state  of  tolerance  to  this  autologous  circulating 
antigen  by  immunization  thus  produced  a  progressive  glomerulo¬ 
nephritis  through  passive  accumulation  of  antigen-antibody 
aggregates  within  the  glomerulus.  The  applicability  of  this 
model  to  human  and  animal  autoimmune  states  is  obvious. 


OIHLR  MODi.LS 

Persistent  Is  tnphoss  tic  s  hoiiomeningttis  vital  infection  in  mice 


iis  *  -if  ft.  fluorescent  photomicrograph  ol  the  kidncs  in  the  Hey  man  mode!.  The  granular  pattern  of 
le(>  aun  H  t  <.  deposition  corresponds  to  subcpiincitai  immune  complex  deposits. 

I  ig.  S  n*h!  Pomon  of  glomuiar  ’ult.  1  here  >.s  dittuse  irregularity  in  the  subepKh.tial  aspect  of  the 
glomerular  basement  membrane  uatn  m-n>  dense  deposits  present.  Intervening  projections  of  the  lamina 
der.sa  art  seen,  whis  h  are  noted  at  times  to  surround  the  deposits  r arrow  on  the  left  i.  in  one  focus  (arrow 
or  th:  righM  i  Seat  areas  are  noted  in  the  basement  mcrr.Hn.tc  (Rosen,  l  ie.  5.1  Reproduced  mth  permis¬ 
sion  from  publisher.  W.B.  launders  (  o..  and  author.  Photograpn  reduced  from  figure  which  showed 
magnification  \ '100 

Certain  mouse  strains  injected  shortly  after  birth  with 
lymphocytic  choriomeningitis  virus  (LGM)  carry  the  virus 
throughout  life  making  low  levels  of  anti-LCM  antibody.  Dif¬ 
ferent  strains  vary  in  the  amount  of  virus  present,  and  in 
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the  time  and  extent  of  their  antibody  response.  Mice  having 
least  amounts  of  virus  and  antibody  do  not  develop  nephritis 
while  those  with  the  highest  levels  show  the  early  development 
of  chronic  disease.  Within  the  glomeruli,  antibody,  complement 
and  virus  particles  can  be  shown  deposited  together  in  the 
classic  granular,  lumpy-bumpy  pattern.  Gamna  globulin  eluted 
from  these  kidneys  readily  binds  LGM  virus,  and  circulating 
IgG-virus  complexes  can  be  detected  in  the  serum  of  diseased 
animals.  These  findings  would  seem  to  establish  the  process 
as  an  immune  complex  media tod  nephritis. 


Auto  immune  divsiv  of  Neu  Zejinnd  mice 

Certain  strains  of  New  Zealand  mice  have  been  found  to 
develop  an  auto  immune  illness  comparable  to  human  systemic 
lupus  erythematosus.  The  disease  appears  earlier  and  is  more 
severe  in  females,  and  is  characterized  by  hemolytic  anemia, 
glomerulonephritis  and  antinucleic  acid  antibodies.  The 
nephritis  appears  in  large  measure  related  to  deposition  of 
DNA  complexes  and  anti-DNA  antibodies.  The  importance  of 
latent  infection  with  murine  leukemia  virus  in  contributing 
to  the  development  of  disease  is  currently  being  investigated. 
The  finding  of  virus  like  particles  within  cells  from  patients 
with  SIE  make  this  model  attractive  for  further  understanding 
of  its  human  counterpart. 


Additional  Aspects  ollmiiuinoloiikjl  In|iir> 

Role  of  unlibod)  durji.  icmlics.  complex  si 7;.  complement,  the  coagulation  process  jnd  mediators  of 
mcrcjscd  sas^ulji  pcrmejbihts 

Deposition  of  immune  complexes  with  resulting  disease 
appears  to  occur  only  in  special  circumstances.  Complex  sol¬ 
ubility  is  important  and  relates  to  antibody  characteristics 
and  circumstances  of  formation.  In  the  case  of  precipitating 
antibodies,  complex  solubility  occurs  only  when  formation 
takes  piece  with  antigen  in  slight  excess,  leaving  antigenic 
sites  un saturated.  In  certain  circumstances,  however,  non 
precipitating  antibodies  are  formed,  making  the  relative  con¬ 
centrations  of  antigen  and  antibody  unimportant.  In  this  case 
size  also  appears  less  important.  Under  most  conditions  com¬ 
plexes  of  less  than  193  in  weight  do  not  localize  in  blood 
vessels  and  glomeruli;  however,  in  the  casa  of  non-precipitating 
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antibody  complexes  of  intermediate  weight  circulating  for  pro¬ 
longed  periods  will  localize  in  glomerular  basement  membranes. 

The  role  of  complement  in  the  various  forms  of  experimental 
nephritis  has  been  extensively  investigated.  In  the  case  of 
nephrotoxic  anti-G3M  nephritis  complement  activation  is  an 
integral  part  of  the  pathologic  prooess.  Immediate  proteinuria 
after  antibody  fixation  to  glomerular  antigen  is  related  to 
the  che mo tactic  properties  of  activated  C3  and  to  a  C567  com¬ 
plex.  The  resulting  polymorphonuclear  cell  accumulation  is 
essential  and,  as  mentioned  earlier,  depletion  of  animals  of 
either  complement  or  polymorphonuclear  leukocytes  prevents 
Immediate  glomerular  injury  exoept  when  large  doses  of  antibody 
are  used. 

In  immune  complex  disease  complement  is  necessary  for  the 
genesis  of  arte  id.  tic  lesions  but  not  for  the  development  of 
glomerulonephritis.  Complex  deposition  in  vessel  walls  or 
glomerular  capillary  loops  results  from  changes  in  vascular 
permeability  mediated  by  release  cf  vasoactive  amines.  In  the 
rabbit,  platelets  are  the  major  reservoir  for  these  amines  and 
their  release  in  serum  sickness  is  dependent  on  elaboration  of 
a  humoral  substance  from  a  specific  mononuclear  09 11  interacting 
with  antigen.  Treatment  of  animals  with  antihistamines  has  been 
shovn  to  prevent  both  deposition  cf  complexes  and  development 
of  glomerulonephritis.  The  role  of  complement  in  complex  disease 
lies  only  in  the  production  of  arteritis  by  chemo tactic  attrac¬ 
tion  of  polymorphonuclear  cells  and  subsequent  release  of  tissue 
damaging  ly so zonal  enzymes.  That  this  mechanism  in  not  part 
of  the  glomerular  injury  is  shown  by  the  development  of  glo¬ 
merulonephritis  of  Identical  morphology  and  severity  in  com¬ 
plement  depleted  animals. 

Since  1940  evidence  has  been  accumulating  which  implicates 
the  coagulation  prooess  as  the  mediator  of  much  of  the  tissue 
injury  in  glomerulonephritis.  Working  with  the  Marogl  model 
of  acute  glomerulonephritis,  researchers  have  repeatedly  shown 
remarkable  prevention  of  morphologic  changes  by  the  use  of 
either  heparin  or  warfarin.  Endothelial  cell  proliferation 
and  swelling,  crescent  formation,  necrosis  and  sclerosis  are 
all  abolished  by  these  forms  of  therapy.  Interestingly,  pro¬ 
teinuria  is  unchanged  or  more  severe  in  treated  animals.  More 
recently  the  same  protective  aotion  has  been  shown  for  acute 
immune  complex  disease  through  use  of  either  heparin,  warfarin 
or  urokinase.  By  inanuno fluorescent  techniques  in  untreated 
animla  fibrin  and  fibrinogen  derivatives  oan  bo  found  within 
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endothelial  and  mesangial  ceils  as  well  as  within  the  urinary 
space.  More  severe  cases  demonstrate  crescent  formation. 

The  distribution  of  this  mat/, rial  differs  from  that  of  IgG 
which  is  deposited  only  along  basement  membranes.  Treatment 
abolishes  only  the  staining  for  fibrinogen  derivatives  and 
not  IgG.  Similar  staining  and  morphologic  changes  can  be 
caused  by  nonimmune  mechanisms,  i.e.  induced  intravascular 
coagulation.  In  all  cases  studied  with  electron  microscopy, 
fully  polymerised  fibrin  can  occasionally  be  demonstrated 
either  within  the  capillary  space  or  in  endothelial  cells. 

More  conn only,  various  forms  of  incompletely  polymerized 
fibrin  (fibrinoid)  are  aeen  along  the  basement  membranes  and 
within  mesangial  and  endothelial  cells.  The  toxicity  of  these 
substances  is  presumed  to  be  related  to  both  inefficient  break¬ 
down  by  phagocytizing  cells  and  interference  with  the  vascular 
supply.  As  mentioned  before,  the  more  severe  cases  show  such 
material  within  the  urinary  space  in  association  with  fulminant 
crescent  formation.  The  fact  that  several  different  forms  of 
anti coagulation  are  successful  in  aborting  these  pathologic 
changes  suggests  that  their  protective  action  is  mediated 
through  inhibitions  of  the  coagulation  system  not  by  some 
other  mechanism,  e.g.  anti complementary  effect  or  antiinflam¬ 
matory  affect.  All  this  information  speaks  for  the  coagulation 
process  as  the  primary  cause  of  the  proliferative  and  sclerosing 
lesions  of  most  forms  of  glomerulonephritis.  Although  protein¬ 
uria  ia  not  prevented  by  anticoagulant  treatment  in  Masagi 
nephritis  it  is  eliminated  in  induced  intravascular  coagulation 
nephritis  and  in  immune  complex  disease  in  mice.  These  obser¬ 
vations  suggest  possible  differences  in  the  causes  of  protein¬ 
uria  between  antl-GBM  disease  and  immune  complex  disease. 

Unfortunately  tho  proximate  events  leading  to  coagulation 
within  nephritic  glomeruli  are  unknown.  Ag-Ab  complexes  have 
been  shown  to  accelerate  the  coagulation  process  in  vitro, 
probably  through  an  effect  on  platelets.  Yet  actual  initiation 
of  the  coagulation  process  has  yet  to  be  demonstrated  for  either 
immune  complexes  or  for  tissue  bound  antibody.  More  investi¬ 
gation  is  needed  in  this  important  area. 


APPLICATIONS  OF  EXPERIMENTAL  NEPHRITIS  TO  HUMAN  DISEASE 

Techniques  developed  in  the  understanding  of  experimental 
models  have  proven  extremely  valuable  in  the  study  of  human 
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glomerulonephritis.  The  1  mounofluore scent  examination  of 
renal  biopsy  specimens  and  the  use  of  methods  for  the  elution 
of  antibody  have  allowed  identification  of  most  forme  of  glo¬ 
merulonephritis  as  either  anti-GBM  disease  or  Immune  complex 
disease.  Although  the  basic  causes  of  the  alterations  in 
immunity  remain  unknown,  pertain  aspects  of  human  glomerular 
injury  are  now  clear. 

Anu-GBM  Disease 

Goodpasture's  syndraae  and  rapidly  progressive  glomerulo¬ 
nephritis  (RPGN),  two  uncommon  forms  of  nephritis,  have 
repeatedly  been  shown  to  be  associated  with  deposition  of 
anti glomerular  basement  membrane  antibodies  in  a  linear  fashion 
with  complement.  The  finding  of  fibrin  and  fibrin  degradation 
products  within  the  glomerular  capillaries  and  cells  is  pre¬ 
sumed  to  be  the  cause  of  the  marked  cellular  proliferation 
leading  to  a  rapidly  fatal  clinical  course.  Figure  9.  That 
antibodies  eluted  from  diseased  kidneys  produce  fulminant 
Masagi  type  nephritis  when  injected  into  primates  establishes 
their  pathogenicity.  When  patients  with  these  diseases  are 
nephrectomized  prior  to  transplantation  these  antibodies  rise 
in  titer  in  the  circulation.  Subsequent  placement  of  healthy 
renal  tissue  in  these  patients  with  high  antibody  titers  has 
been  shown  to  result  in  the  disappearance  of  circulating  anti¬ 
body  concomitant  with  the  development  of  disease  in  the  trans¬ 
planted  kidney.  At  biopsy  or  postmortem  IgG  is  again  seen 
deposited  in  linear  fashion  along  the  basement  membranes 
associated  with  the  expected  histology.  In  view  of  these 
facts  it  has  new  become  acoepted  practice  to  wait  for  the 
gradual  disappearance  of  circulating  antibody  over  periods 
of  months  before  considering  transplantation. 

Same  differences  in  the  specificity  of  auto  antibodies 
from  these  two  diseases  have  been  described.  Thus  IgG  from 
kidneys  of  patients  with  Goodpasture's  syndrome  appear  to 
have  greater  reactivity  with  other  renal  and  non-re nal  antigens 
as  well  as  with  glomerular  antigens  from  other  species.  In 
contrast,  antibody  from  RPGN  kidneys  shows  little  reactivity 
with  renal  tubular  antigens  and  alveolar  basement  membrane 
antigens,  ard  is  far  more  species  specific.  These  findings 
help  explain  the  differences  in  pulmonary  involvement  despite 
identical  renal  histology  and  course. 
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Fig.  9.  Renal  biopsy  from  a  patient  with  rapidly  progressive  glomerulonephritis  (RPGN).  Note  the 
profound  crescent  formation. 

Of  great  practical  interest  are  the  possible  reasons  for 
the  development  of  this  auto-immune  assault  on  the  glomerulus. 
Although  antigens  having  immune  cross  reactivity  with  GBM  have 
now  been  identified  in  normal  human  serum  and  urine,  their 
role,  if  any,  in  the  development  of  nephritis  is  unknown.  The 
experimental  demonstration  that  rabbits  may  be  sensitized  to 
similar  antigens  from  their  own  urine  is  encouraging  evidence 
for  a  pathogenic  role  for  these  substances.  Nevertheless  it 
would  appear  likely  that  some  infectious  process  is  also  in¬ 
volved  in  this  alteration  in  immunity.  At  present  there  is 
no  available  information  on  this  point.  Although  antigenic 
cross  reactivity  between  nephri to genic  streptococci  and  human 
GBM  has  been  demonstrated,  the  lack  of  evidence  of  proceeding 
streptococcal  infection  in  moBt  cases  of  human  anti-GBM 
nephritis  and  the  fact  that  post  streptococcal  acute  glomerulo¬ 
nephritis  appears  to  be  an  immune  compley  disease  speak 
against  an  etiologic  role  for  these  organisms. 


Immune  Complex  Disease:  Postrcptococca!  glomerulonepluitis  (PSGN) 

Despite  rather  complete  knowledge  about  the  inciting 
organism  in  post  streptococcal  glomerulonephritis  (PSGN),  the 
full  pathogenic  sequence  leading  to  acute  glomerular  inflam¬ 
mation  retains  to  be  demonstrated.  Nephri togenic  streptococci 
are  readily  cultured  and  have  been  studied  extensively  with 
regard  to  capsular  antigens.  Organisms  with  lance field  group 
A  capsular  polysaccharide  and  specific  types  of  M  protein  (1, 

4,  12,  25  and  49)  (red  lake)  are  now  known  to  be  nephri to¬ 
genic.  In  addition  opsonins  directed  against  these  K  proteins 
are  responsible  for  type  specific  immunity  preventing  reinfection, 
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The  sequence  of  infection,  followed  by  a  latent  period 
and  nephritis  associated  with  rising  titers  of  antibodies  to 
various  streptococcal  antigens  and  a  fall  in  serum  complement, 
strongly  suggests  an  immunologic  basis  for  the  illness.  Efforts 
to  document  this  impression  have  met  with  varied  success. 

Lange  et.  al.  in  1966  reported  that  all  oases  show  the  presenoe 
of  IgG  and  B^C  in  a  granular  distribution  along  the  glomerular 
basement  membrane.  The  majority  of  Investigators  have  found 
these  proteins  in  most  but  not  all  cases,  again  in  a  granular, 
lumpy  distribution.  By  electron  microscopy  dense  deposits  are 
found  along  the  subepithoiial  surface  of  the  basement  membrane 
in  all  cases  which  by  ferritin  conjugated  antibody  techniques 
are  composed  of  IgG  plus  BqC  presumably  linked  to  an  unknown 
antigen.  Additionally,  donse  deposits  have  been  reported  in 
the  sube nd o the lia 1  area,  between  endothelial  cells  and  within 
the  capillary  lumen.  These  deposits  appear  to  contain  IgG 
aivi  BiC  while  fibrinogen  derivatives  are  also  suggested. 

Efforts  to  complete  this  pathogenetic  puzzle  by  demon¬ 
strating  streptococcal  antigen  within  glomeruli  have  until 
recently  been  rather  unsuccessful.  Michael  et.  al.  were  able 
to  show  such  proteins  in  only  two  of  ten  patients,  while  Segal 
co-workers  reported  finding  streptococcal  antigen  in  six 
of  ten  eases.  Recently,  Tresar  and  associates  have  shown  by 
very  elegant  study  such  antigen  in  all  oases  of  this  disease. 

The  antigen  is  a  lipoprotein  of  120, OCX)  molecular  weight  con¬ 
tained  in  the  plasma  membrane  of  nephrl to genic  streptococci 
but  not  in  other  bacteria.  Within  the  first  few  days  of  onset 
of  disease  antigen  is  distributed  in  the  glomerulus  in  the 
fTTM.  fashion  as  IgG  and  BqC.  Later,  plasma  membrane  specific* 
antibody  appears  in  the  circulation  and  presumably  saturates 
ill  free -binding  sites  on  the  deposited  antigen  which  there¬ 
after  cannot  be  stained  by  iirnuno  fluorescent  techniques.  This 
fact  might  explain  earlier  failures  to  demonstrate  the  antigen  in 
late  biopsies.  If  this  work  can  be  reproduced  by  other  invest¬ 
igators  the  initial  impression  of  Sohlok  in  1908  that  PSGN 
represents  serum  sickness  will  be  largely  confirmed.  Never¬ 
theless,  the  reasons  vhy  some  people  develop  the  disease  while 
others  infected  with  nephrl to genic  streptooocci  do  not,  remains 
to  be  elucidated.  Extrapolating  from  experimental  models,  one 
would  exj>ect  that  af footed  individuals  would  be  good  antibody 
producers  against  this  lipoprotein  antigen,  while  those  witt 
subclinical  or  no  diseaao  would  have  low  or  absent  titers  of 
antibody. 
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Another  .line  of  investigation  which  may  yield  additional 
tinderstanding  of  PSGN  as  well  as  some  otner  forms  of  glomerulo¬ 
nephritis  is  the  study  of  cryoglobulins,  xhese  interesting 
macro -molecules  have  been  found  in  a  high  percentage  of  patients 
with  P3GN  when  specifically  looked  for  with  sensitive  techniques. 
Most  contain  IgG  plus  B].C  while  IgM  is  also  occasionally  a  part 
of  the  complex.  These  proteins  can  be  shown  to  be  biologically 
active  in  fixing  complement  and  in  causing  glomerulonephritis 
when  injected  into  animals.  Nevertheless,  the  rol9  in  human 
disease  at  present  remains  unclear. 


Membranous  Glomerulonephritis 

This  common  cause  of  the  nephrotic  syndrome  in  adulthood 
is  characterized  by  the  isolated  finding  of  progressive,  dif¬ 
fuse  thickening  of  all  glomerular  basement  membranes.  Figure  10. 
The  course  is  prolonged  and  variable  with  ultimate  remission 
or  death  in  uremia  being  equally  common.  At  present  there  are 
few  clues  to  the  etiology.  Tmmunofluore Bcent  study  reoeatedly 
demonstrates  granular  deposition  of  IgG  plus  B^C  along  the 
thickened  membranes,  corresponding  to  electron  dense  subepi- 
thelial  deposits  (as  in  the  Heyman  model.  Figure  8).  That 
the  disease  is  immune  complex  mediated  is  reasonably  certain; 
however,  the  antigen  involved,  the  reasons  for  the  lack  of 
cellular  proliferation  despite  ongoing  complex  deposition,  and 
the  mechanism  of  remission  are  unknown.  Since  experimentally 
it  is  the  clotting  system  which  appears  to  initiate  cellular 
proliferation,  it  may  be  that  some  characteristic  of  the  com¬ 
plexes  is  different  from  that  in  other  forms  of  immune  complex 
disease  or  that  the  slow  deposition  and  low  levels  of  complexes 
are  Inadequate  to  trigger  this  mechanism.  The  protracted 
course  over  several  years  would  suggest  that  the  antigen  in¬ 
volved  is  an  endogenous,  autologous  one  circulating  in  low 
concentration  to  which  normal  tolerance  has  been  lost  as  in 
the  Heyman  model.  However,  remission  under  these  circumstances 
is  hard  to  understand .  The  recent  finding  of  low  levels  of 
circulating  cryoglobulins  in  most  cases  of  membranous  nephro¬ 
pathy  may  prove  to  be  of  great  importance. 
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Fig.  10.  Meir.branoi>i  glomerulonephritis  showing  severe  thickening  of  all  basement  membranes. 


Systemic  Lupus  Erythematosus  Nephritis  (SLE) 

SI E  represents  one  of  the  most  intensively  studied  of  the 
immune  mediated  diseases  of  humans.  The  repeated  demonstration 
of  antibodies  to  DNA,  nucleoprotein,  and  other  nuclear  and 
cytoplasmic  antigens  in  symptomatic  patients  has  led  to  the 
conviction  that  these  antibodies  play  a  causative  role  in  the 
peripheral  manifestations  of  the  disease.  The  recognition  of 
renal  disease  as  a  major  cause  of  morbidity  and  ultimate  death 
in  these  patients  has  led  to  the  widespread  application  of 
percutaneous  renal  biopsy  for  diagnostic  and  experimental 
evaluation  of  all  stages  of  the  illness.  The  growing  body  of' 
evidence  supports  the  conclusion  that  lupus  nephritis  is  an 
immune  complex  disease  expressing  itself  in  at  least  three 
morphologic  patterns  with  generally  differing  clinical  severity 
and  prognosis.  The  reasons  for  these  differences  are  completely 
unknown  but  are  probably  related  to  differences  in  antibody, 
antigen,  the  quantity  of  circulating  *»  sssuns  complexes,  or  in 
the  presence  and  quantity  of  cryoglobulins. 

The  experimental  observations  implicating  immune  mechanisms 
in  the  development  of  lupus  nephritis  are  many.  Extensive 
study  has  shown  anti-DHA  antibodies  to  be  specific  for  active 
lupus  erythematosus.  They  are  identified  in  the  sera  of  most 
patients  with  active  nephritis  in  varying  titer  generally 
corresponding  to  the  severity  of  clinical  manife stations-. 
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That  these  antibodies  are  pathogenic  has  been  suggested  by 
their  elution  from  affected  renal  tissue  in  much  higher  titer 
than  in  the  corresponding  serum.  Furthermore,  DNA  antigen 
can  be  demonstrated  in  sera  and  glomeruli  after  antibody 
elution.  Besides  anti-DNA  antibody  and  DNA  antigen,  anti¬ 
bodies  against  nucleoprotein  and  phosphate  buffer-extractible 
nuclear  antigens  have  also  been  found  within  affected  glo¬ 
meruli.  Other  antigen  antibody  systems  may  play  an  even  more 
important  role  in  the  production  of  renal  lesions.  For 
instance,  all  patients  having  anti-risosomal  antibodies  appear 
to  manifest  clinical  renal  disease.  In  addition,  mixed  cryo¬ 
globulins  composed  of  IgG,  IgM  and  perhaps  other  constituents 
are  commonly  seen  in  low  titer  in  the  sera  of  lupus  patients 
and  in  some  cases  have  been  demonstrated  as  deposits  within 
glomerular  lesions.  Finally,  during  periods  of  active  renal 
disease,  serum  complement  levels  fall  as  in  serum  sickness 
and  PSGN,  suggesting  the  presence  of  biologically  active 
circulating  immune  complexes. 


By  immuno-histochemical  techniques  and  electron  micros¬ 
copy,  complex  deposition  appears  to  have  three  distinct 
patterns  corresponding  to  the  different  light  microscopic 
morphologies.  Cases  with  pure  membranous  changes  have  depo¬ 
sition  of  IgG,  BqC  in  a  finely  granular  pattern  along  the 
basement  membranes.  The  only  distinguishing  feature  from 
"idiopathic"  membranous  nephropathy  lies  in  the  slightly 
greater  prominence  of  the  mesangium  in  lupus.  As  expected, 
electron  microscopy  demonstrates  subepithelial  electron  dense 
deposits  corresponding  to  immune  complex  aggregates.  Further¬ 
more,  the  course  and  prognosis  of  this  lesion  generally  paral¬ 
lels  that  of  Its  ideopathic  counterpart.  In  contrast  to  this 
pattern  are  the  diffuse  proliferative  lesions  usually  leading 
to  progressive  deterioration  and  renal  death.  In  these  cases 
fibrinoid  necrosis,  wire  loops,  endothelial  and  mesangial 
cell  swelling  and  proliferation  are  prominent  features. 
Neutrophil  infiltration  and  nuclear  fragmentation  appear  in 
the  more  severely  affected  areas.  Tmmunof luore 3 cent  studies 
show  localization  of  IgG  and  BjC  in  coarse  lumps  along  the 
base me  it  membrane  and  in  mesangial  cells.  Fibrinogen  deriv¬ 
atives  can  be  seen  in  the  same  pattern.  By  electron  micros¬ 
copy  large  dense  deposits  are  located  subsndothelially,  often 
partially  or  completely  phagocytized  by  endothelial  and 
mesangial  cells.  Figure  11.  Other  deposits  can  be  found 
within  the  capillary  lumens  either  free  or  within  polymorpho¬ 
nuclear  cells.  Occasional  deposits  are  also  seen  lying  within 
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Fig.  1 1 .  Electron  micrograph  of  a  glomerular  capiliarv  loop  from  a  patient  with  diffuse  lupus  ncpnrnis. 
EN  =  endothelial  cell  nucleus.  CL  =  capillary  lumen,  EP  =  epithelial  cell  with  foot  processes  lying  on 
basement  membrane.  Note  the  dense  deposit  marked  by  asterisk  as  well  as  the  deposits  shown  by  arrows 
covered  by  endothelial  cell  cytoplasm. 


the  basement-  membrane  or  on  the  subepithelial  side.  This 
distribution  of  immunoglobulins,  complement,  and  fibrin  has 
been  described  occasionally  in  severe  cases  of  PSGH  as  well 
as  in  idiopathic  membranoproliferative  glomerulonephritis. 

The  mechanism  behind  this  mesangial  and  subendothelial  depo¬ 
sition  in  contrast  to  the  membranous  pattern  is  not  understood 
but  may  relate  to  the  compition,  size,  or  quantity  of  these 
macro-molecules  in  the  circulation.  Experimental  evidence  in 
animals  and  the  presence  of  fibrin  and  fibrinogen  derivatives 
in  human  lesions  implicate  the  coagulation  system  as  causing 
at  least  part  of  the  observed  tissue  injury.  It  can  easily 
be  imagined  that  subendothelial  deposits  in  contact  with  the 
circulation  would  be  more  biologically  active  than  subepi¬ 
thelial  ones.  Nevertheless,  proof  of  the  pathogenicity  of 
these  deposits  thus  far  is  incomplete,  and  the  exact  details 
linking  these  immune  complexes  to  the  subsequent  nephritis 
are  unknown. 

The  third  pattern  of  SLE  renal  involvement  is  focal  and 
local  proliferation  with  occasional  necrosis  of  glomerular 
tufts.  Thi3  form  is  usually  associated  with  good  prognosis 
and  rapid  response  to  corticosteroids.  Occasionally,  progres¬ 
sion  to  more  generalized  proliferative  disease  is  seen, 
however.  Immunof lucre scent  studies  indicate  mild  diffuse 
deposition  of  IgO  and  BpC  along  basement  membranes  with  heavier 
deposition  within  lesions  and  mesangial  areas.  To  answer 
whether  or  not  the  differences  between  this  pattern  and  the 


779 


Present  Concepts.  Vol  I  i'  ,V<>  v.  September r  19~1 


/miimiinlnyy  n) Clnmcruloncphritis  -  Stvinmullcr 


diffuse  proliferative  type  are  qualitative  or  merely  quanti¬ 
tative  will  require  much  additional  study, 

lipoid  Nephrosis  (Nil  disease,  minimal  change  disease) 


This  lesion  is  present  in  most  case a  of  childhood  nephrotic 
syndrome  and  is  seen  in  about  25  percent  of  adults  presenting 
with  nephrosis.  The  histology  by  light  microscopy  consists  of 
either  no  change  from  normal  or  occasional  focal,  local  thick¬ 
ening  of  basement  membranes.  In  long  standing  recurrent  cases, 
focal  areas  of  scarring,  irregular  mild  basement  membrane 
thickening,  increase  in  mesangial  cells  and  matrix  and  obso¬ 
lescent  glomeruli  are  found.  Immuno fluorescent  studies  looking 
for  deposition  of  IgG,  IgM.  and  BiC  have  been  uniformly  unsuc¬ 
cessful.  Under  electron  microscopy  there  is  fusion  of  epithe¬ 
lial  cell  foot  processes,  believed  to  represent  a  nonspecific 
normal  reaction  to  increased  protein  passage  across  the  base¬ 
ment  membrane  barrier.  Occasional  small  sube ndo the lial  dense 
deposits  have  been  reported  but  apparently  bear  no  relation¬ 
ship  to  areas  of  basement  membrane  thickening.  More  common 
are  areas  of  platelet  aggregation  and  occasional  fibrin  thrombi 
within  capillary  lumina.  These  findings  may  explain  the 
gradual  scarring  and  glomerular  obliteration  seen  in  long 
standing  cases. 

Although  it  was  formerly  believed  that  lipoid  nephrosis 
merely  represented  an  early  stage  of  idiopathic  membranous 
nephropathy,  it  is  now  clear  that  these  are  two  distinct 
diseases  unrelated  to  each  other.  No  convincing  cases  of 
progression  from  the  one  to  the  other  have  ever  been  presented, 
the  distinctly  different  ultrastructural  morphologies  clearly 
explain  why. 

The  repeated  failure  to  demonstrate  immunoglobulin  depo¬ 
sition  has  suggested  to  some  workers  a  possible  metabolic  or 
biochemical  cause  unrelated  to  immune  mechanisms.  Neverthe¬ 
less,  the  high  incidence  of  atopy  and  eosinophilia  in  many 
cases,  as  well  as  the  sensitivity  of  the  lesion  to  cortico¬ 
steroid  therapy,  has  convinced  many  investigators  that  sig¬ 
nificant  Immune  events  were  being  somehow  missed  by  routine 
procedures.  Consequently,  the  recent  report  by  Gerber  and 
Pa rone t to  may  represent  a  significant  breakthrough  in  the 
understanding  of  this  disease.  By  preparing  antibody  in  goats 
through  the  use  of  rare  IgE  myeloma  protein,  they  have  boon 
able  to  demonstrate  linear  deposition  of  XgE  in  a  comma  like 
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fashion  along  basement  membranes  in  all  cases  of  lipoid  nephro¬ 
sis  studied.  Unfortunately,  other  glomerular  diseases  studied 
also  showed  this  reaction,  suggesting  that  it  may  be  a  non¬ 
specific  finding.  Although  much  further  work  will  be  neoessary 
to  clarify  the  pathogenic  role,  if  any,  played  by  this  immuno¬ 
globulin  deposition,  at  least  one  line  of  investigation  is 
now  available. 

Memb:;»ioprolifcrative  Glomerulonephritis 

This  group  is  a  mixed  bag  of  morphologic  lesions  and 
clinical  expressions.  Under  this  heading  will  be  included 
such  entities  as  diffuse  proliferative  glome rulonephrit  ‘ 
associated  with  nephrotic  syndrome,  chronic  hypocompleme..«emic 
nephritis  of  childhood,  lobular  glomerulonephritis,  necrotizing 
glomerulonephritis,  some  patients  with  acute  post  streptococcal 
glome rulonophritis  pursuing  a  rapidly  progressive  course,  as 
well  as  cases  having  similar  histology  but  no  antecedent  strep¬ 
tococcal  exposure.  An  immune  basis  for  these  diseases  seems 
likely,  but  few  cases  have  been  well-studied  from  that  point 
of  view.  Most  cases  have  normal  complement  levels  except  for 
tuuse  patients  with  hypocomplementemic  nephritis  in  which 
selective  degradation  of  C3  by  an  unidentified  serum  factor 
occurs.  Electron  microscopy  shows  3ubendothelial  and  mesangial 
deposits  similar  to  the  p.oiiferative  form  of  lupus  nephritis. 
Lmnunofluore  scent  staining  of  IgG  and  B]C  in  a  lumpy  pattern 
is  commonly,  but  not  consistently,  seen.  Prognosis  is  generally 
poor  except  when  a  streptococcal  etiology  is  present.  Since 
some  of  these  cases  may  present  with  rapid  clinical  deterio¬ 
ration  associated  with  epithelial  proliferation  and  crescent 
formation  indistinguishable  from  P>PGN,  the  examination  of  these 
biopsies  with  electron  microscopy  and  immunofluorescence  is 
mandatory.  Again  the  findings  of  fibrinoid  necrosis  and 
fibrin  thrombi  suggest  an  intimate  role  for  the  coagulation 
process  especially  in  fjre  more  severe  cases.  It  is  likely 
that  the  renal  involvement  of  Kenoch-Schoenlein  purpura, 
hypersensitivity  angiitis,  and  Wegener's  granulomatosis  is 
similar  in  mechanism  to  those  membrano- proliferative  diseases. 
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Immune  Complex  Nephritis  with  Known  Antigens 

Under  this  heading  may  be  included  the  nephrotic  i’.mdrome 
of  penicillamine  therapy,  persisting  Australia  antigenemia, 
secondary  syphilis,  and  at  least  one  case  of  carcinoma.  In 
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addition  the  acute  glomerulonephritis  of  falciparum  malaria 
is  most  likely  related  to  immune  complex  deposition.  In  the 
cases  of  disease  related  to  Australian  antigen  and  quartan 
malaria,  antigen  has  been  definitely  shown  to  be  deposited 
within  affected  glomeruli  along  with  IgG  and  BqC.  When  IgG 
was  eluted  from  a  patient  with  membranous  glomerulonephritis 
and  carcinoma  of  the  lung,  antibody  specific  for  tumor  antigens 
was  found.  Unfortunately,  efforts  were  not  made  to  identify 
tumor  antigen  within  the  glomerular  immune  deposits.  Thus 
far,  efforts  to  demonstrate  penicillamine  in  immune  deposits 
has  been  unsuccessful,  probably  for  reasons  of  technique.  In 
cases  of  secondary  syphilis  with  nephrosis  no  efforts  have 
been  made  to  lemons trate  the  causative  antigen,  although  lumpy 
deposits  of  IgG  have  been  identified  by  electron  mic'oscopy 
and  immunofluorescence.  No  doubt  the  presence  of  treponema 
antigen  will  be  demonstrable  in  these  deposits  when  properly 
studied. 
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1  UK  MALIGNANT  PHASE  OF  HYPERTENSION 

Relationship  of  the  Kidney  with  Pathogenesis.  Prognosis,  and  Therapy 
Allan  B.  Schwartz,  M.D.* 


Malignant  hypertension  is  a  devastating  entity.  It  is  not 
a  distinct  disease  itself  but  should  be  considered  a  syndrome 
representing  r.  specific  phase  of  hypertension  having  various 
etiologic  possibilities.  The  etiologies  vary  f.om  primary 
essential  hypertension  with  nephroangiosclerosis  o  nephritis, 
lupus  nephritis,  et  cetera.  The  one  common  feature  that  the  long 
list  of  etiologic  considerations  have  is  renal  involvement.  3y 
definition,  the  malignant  phase  of  hypertension  mu3t  have  an  ab¬ 
normality  in  some  parameter  of  renal  evaluation  or  the  diagnosis 
is  tenous.  ochottstaedt  and  Jokolov;  /l/  in  their  1953  review  of 
clinical  parameters  associated  with  the  malignant  phase  of  hyper¬ 
tension  found  high  percentages  of  cerebral  and  cardiac  involvement 
but  found  IOC  percent  renal  involvement  in  their  study  of  104  cases 
They  wrote,  "The  kidney  is  the  organ  most  seriously  involved  in 
maligiant  hypertension".  Renal  involvement  is  recognized  by  pro¬ 
teinuria  on  urinalysis  and  abnormal  renal  functional  parameters 
such  as  azotemia  or  elevated  senna  creatinine.  These  crude  param¬ 
eters  call  attention  to  the  obvi >us  loss  of  renal  function  threat¬ 
ening  to  result  in  uremia  and  d  ath  should  the  malignant  phase  of 
hypertension  go  unchecked.  The  malignant  phase  of  hypertension 
is  a  vascular  disease  for  certain.  Histologically,  fibrinoid 
necrosis  of  arterioles  throughout  the  body  has  been  recognized 
as  the  classic  lesion. 

As  to  the  pathophysiology  of  the  malignant  pha-ce  of  hyper¬ 
tension,  no  clear  explanation  is  yet  available.  It  appears 
that  some  primary  alteration  occurs  in  arteriolar  structural 
integrity,  reducing  luminal  area  and  the  effective  perfusion 
volume  of  the  arteriole,  i.e.  reducing  the  available  vascular 
space.  And,  as  stated  by  Poiseuille's  law  (.resistance  to 
viscous  flow  varies  inversely  with  the  fourth  power  of  the 
radius),  this  reduction  in  ’vascular  radius  dramatically  in¬ 
creases  peripheral  vascular  resistance.  Cardiac  systolic 
ejection  force  attempts  to  compensate  for  this  increased  vas¬ 
cular  resistance  by  producing  a  more  forceful  ejection  and  a 
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progressive  increase  in  systolic  pressure  becomes  apparent. 

It  these  excessive  pressures,  further  alterations  of  stretch¬ 
ing  and  constriction  of  arterioles  results  and  a  vicious 
cycle  is  set  in  motion.  As  a  result,  there  is  a  progressive 
increase  in  both  diastolic  and  systolic  pressure. 

Further  vascular  alterations  occur  as  plasma  appears 
locally  in  *ones  of  dilatation  in  the  veils  of  terminal 
arterioles  at  an  early  stage  in  the  process.  Local  over 
stretching  or  tearing  of  medial  muscle  fibers  occurs  which 
may  simultaneously  destroy  the  muscle  and  turn  the  vessel 
into  a  so  ad. -permeable  membrane.  This  allows  various  colloid 
materials  to  escape  into  ths  tissue  while  the  destroyed  vas¬ 
cular  tissue  itself  becomes  saturated  with  concentrated  plasma 
proteins  giving  the  appearance  of  fibrin,  i.e.  fibrinoid 
necrosis.  /2/ 

Recently,  evidence  has  arisen  that  points  to  a  hemato¬ 
logic  coagulation  abnormality  associated  with  the  vascular 
changes  of  malignant  hypertension.  An  increase  in  permea¬ 
bility  of  small  blood  vessels  has  been  thought  to  set  in 
motion  the  fibrin  deposition  in  the  wall  and  in  the  lumen  of 
vessels.  These  fibrin  deposits  then  induce  fragmentation  of 
red  blood  cells,  which  leads  to  microangiopathic  hemolytic 
anemia  which  then  results  in  further  deposition  of  fibrin 
until  finally  the  vessel  is  occluded  and  the  peripheral  bas¬ 
cule  r  resistance  is  maximum.  /3_/ 

Another  area  of  research  has  to  do  with  a  deposition  of 
lipid-like  material  in  aubendothelial  areas  of  glomerular 
capillaries.  These  lipid  deposits  have  been  demonstrated  by 
electron  microscopic  examination  of  glomerular  capillaries 
from  renal  biopsies  of  patients  having  the  malignant  phase 
of  hypertension.  /4/ 

The  humoral  and  neurogenic  aspects  of  the  malignant 
phase  of  hypertension  are  still  open  to  question.  Peart  /5 / 
suggested  that  aldosterone  excess  was  a  defense  mechanism 
brought  cut  to  counteract  the  angiotensin  induced  sodium  loss. 
Oversecretion  of  aldosterone  in  malignant  hypertension  was 
believed  by  Cope  and  Pearson  / 6/  to  be  a  consequence  of  renal 
damage.  Laragh,  Sealey,  and  Soamers  /7/  in  19o6,  found  a 
strong  correlation  between  secondary  hyperaldosteronism  of 
malignant  hypertension  and  increased  levels  of  plasma  renin. 
These  data  strongly  suggested  a  renal  course  of  stimulation 
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for  the  hype raldo ate ronisa  observed  in  the  more  advanced  stages 
of  the  Malignant  phase  of  hypertension.  Certainly,  some  of  the 
highest  plana  renin  aotLvity  values  that  have  been  recorded 
have  been  in  Malignant  hypertension. 

Intravenous  injection  of  angiotensin  has  been  implicated 
in  causing  fibrinoid  necrosis  in  the  rat  as  has  a  partly  puri¬ 
fied  renin  preparation.  /8 , 9/  This  ability  to  produce  necrotic 
vascular  lesions  is  ad  so  shared  by  various  pressor  amines  such 
as  tyraaine,  aethc^maine,  and  norepinephrine.  /10-12/ 

Amine  hypertension  has  been  recognised  clinically.  Foods 
such  as  cheeses  and  fermented  material  such  as  beer  contain 
tyraaine  which  has  been  shown  to  elevate  blood  pressure  by 
releasing  norepinephrine.  /13 /  In  the  presence  of  monoamine 
oxidase  inhibition,  the  usual  degradation  of  norepinephrine  is 
retarded  and  excessive  tyramine  ingestion  may  provoke  severe 
or  even  malignant  hypertension.  Certainly,  phe o chromo cytoma 
has  been  a  reoogniaed  cause  of  malignant  hypertension. 

The  relationship  between  the  sympathetic  nervouw  system, 
catecholamines,  and  renal  humoral  mechanisms  have  been  well 
established,  tfathem  et  al  /14/  in  1958,  demonstrated  the 
relationship  between  catecholamines  and  the  renin-angiotensin 
system  by  infusing  norepinephrine  in  anesthetized  dogs  and 
evoking  an  acute  release  of  renin.  Hichelakis  arid  Horton  /15/ 
in  1970,  confirmed  this  relationship  in  man  by  infusing  nor¬ 
epinephrine  in  human  volunteers  and  evoked  an  increase  in 
peripheral  plasma  renin  activity.  It  is  possible  that  this 
interrelationship  between  the  sympathetic  nervous  system  and 
the  renin-angiotensin  system  could  be  intimately  involved  as 
the  "trigger  mechanism"  of  the  malignant  phase  of  hypertension. 

It  is  also  possible  that  an  existing  renal  parenchymal 
disease  could  in  itself  intrinsically  initiate  an  abnormal 
humoral  vasopressor  substance  which  alone  could  be  the  “trigger 
mechanism"  of  the  malignant  phase  of  hypertension.  There  is 
already  evidence  for  a  renal  humoral  vasopressor  substance 
existing  as  a  major  factor  responsible  for  the  blood  pressure 
elevation  and  vascular  damage  of  the  malignant  phase  of  hyper¬ 
tension.  /l6/  This  vasopressor  effect  of  the  kidney  has  been 
presented  in  the  setting  of  both  primary  essential  hypertension 
and  chronic  renal  parenchymal  disease,  i.e.  chronic  glomerulo¬ 
nephritis. 
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I  am  certain  it  is  obvious  to  the  reader  that  I  ax  fos¬ 
tering  the  ooncept  that  there  is  a  peripheral  vascular  alter¬ 
ation  that  initiates  the  aalignant  phase  of  hypertension. 

The  question  that  arises  is,  "What  triggers  the  vascular 
alteration?".  It  is  interesting  to  hypothesise  that  this 
"trigger  mechanism"  might  involve  a  renal-sympathetic  nervous 
system  catecholamine  mechanism  which  onoe  set  in  motion  will 
develop  into  a  vicious  cycle  resulting  in  arteriolar  fibrinoid 
necrosis. 


The  clinical  syndrome  of  the  malignant  phase  of  hyperten¬ 
sion  is  a  reflection  of  the  diffuse  vascular  alterations, 
specifically  fibrinoid  necrosis  and  the  resultant  compromised 
perfusion  of  vital  organs  -  brain,  heart,  kidneys  and  eyes. 

That  the  above  process  is  reversible  is  a  thesis  gaining 
support  each  year.  The  blood  pressure  must  be  reduced  to 
allow  vascular  changes  to  heal.  The  resistance  vessels  nay 
return  to  their  normal  caliber,  perfusion  will  improve,  and 
the  syndrome  will  abate. 


PROGNOSIS  OF  MALIGNANT  HYPERTENSION 

The  prognosis  of  aalignant  hypertension  is  definitely 
improved  today  over  20  years  age  and  even  _0  years  ago.  The 
apparent  reasons  for  this  improvement  are  twofold:  (1)  the 
availability  of  relatively  safe,  potent  antihypertensive 
agents  which  have  been  developed  for  clinical  use  during  the 
period,  and  (2)  an  increasing  knowledge  and  understanding  of 
the  use  of  the  antihypertensive  agents  in  the  presence  of 
renal  insufficiency  associated  with  the  malignant  phase  of 
hypertension. 

Before  the  advent  of  such  early  therapy  as  sympathectomy, 
malignant  hypertension  was  consistently  a  fatal  disease  in  a 
maximum  of  four  or  five  years  and  80  percent  fatal  in  the  first 
year.  /17-19/  In  1938,  Page  /2C/  reported  on  beneficial 
results  of  anterior  nerve  root  section.  He  was  the  first  to 
show  an  improvement  in  the  course  of  malignant  hypertension 
in  that  there  was  some  evidence  of  improvement  of  cardiac 
parameters,  eye  grounds,  and  renal  function.  The  patient 
still  eventually  succumbed  to  the  disease,  however. 
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The  advent  of  ganglionic  blocking  agents  and  adrenergic 
blocking  agents  brought  about  an  improvement  in  the  survival 
statistics.  Enoephalopathic  and  cardiac  causes  of  death 
associated  with  malignant  hypertension  declined.  However, 
the  percentage  of  renal  causes  of  death  increased  demon¬ 
strating  a  failure  to  arrest  the  arteriolar  fibrinoid  necrosis 
within  the  kidney. 

In  1956,  McCormack  et  al  /2l/  showed  definite  evidence 
of  healing  of  acute  destructive  lesions  of  malignant  nephro- 
angiosclerosis  in  patients  treated  with  potent  anti hypertensive 
agents  including  hexanethonium,  pentolinium,  chlorosondaoine , 
mecaaylamine,  reaerpine,  and  hydralazine.  Although  an  autopsy 
study,  there  had  been  some  transient  clinical  remissions 
effected  in  these  patients  with  malignant  asphroangiosclerosiB 
by  intensive  treatment  with  the  agents  noted  above.  Renal 
failure  was  the  primary  cause  of  death  of  14  out  of  19  treated 
patients.  There  was  a  definite  •’cessation  of  Activity  and  a 
regression  in  both  arteriolar  necrosis  and  throabonecroslsn. 

This  was  associated  with  disappearance  of  most  of  the  foci  of 
fibrin  accumulation  and  of  the  evidence  of  acute  vascular  damage. 

McCormack  et  al  /2l/  noted  in  their  review  that  in  some 
cases  treatment  was  not  wholly  effective  and  minimal  active 
lesions  of  malignant  nephroangiosclerosis  persisted  and  were 
apparently  progressive,  although  certainly  not  nearly  as 
rapidly  as  in  the  untreated  patient.  Their  words  were  net 
heeded  and,  for  the  next  few  years,  hype rtensiologi. its  feared 
treatment  of  malignant  hypertension  associated  with  renal 
insufficiency. 


The  relationship  of  renal  insufficiency  and  survival 
rate  of  patients  with  malignant  hypertension  has  been  inter¬ 
esting  to  follow  through  the  evolution  of  successful  anti¬ 
type  rtensive  therapy. 

In  1959,  Harington  et  al  /22/  reported  that  malignant 
hypertension  associated  with  a  blood  urea  nitrogen  of  greater 
than  60  mg/100  cc  before  therapy  correlated  with  only  a  10 
percent  survival  by  two  years.  Those  patients  with  a  blood 
urea  nitrogen  less  than  60  mg/100  cc  bad  a  55  percent  survival 
by  two  years. 


Prc^ctu  Concepts.  I  <>/  tl  \o  Si  piem  her 


^*,riZ7  7z:  re- 1"; 


Muliyiuinl  l‘htl\r  of  llvpcrlcnsltni  ■’»'  hwnrlr 


In  1961,  Dollary  /23/  expressed  the  opinion  that  pro¬ 
gressive  renal  failura  could  not  be  halted  by  antihypertensive 
therapy.  With  respect  to  the  blood  urea  level,  he  reported 
only  a  15  peroent  one  year  survival  if  Malignant  hypertension 
was  accompanied  by  &  blood  urea  level  of  over  60  ag/100  cc 
(blood  urea  nitrogen  greeter  than  30  ag/100  cc).  The  one  year 
survival  for  patients  having  malignant  hypertension  and  a 
blood  urea  level  less  than  60  ng/100  cc  was  73  percent. 

In  a  report  by  Mohler  and  Freis  /24/  in  I960,  a  corre¬ 
lation  of  five-year  survival  was  made  with  normal  or  nearly 
normal  levels  of  nonprotein  nitrogen  before  treatment. 

Sokolov  and  Perloff  / 25/  reported  a  five-year  survival 
of  5  of  11  patients  who  had  creatinine  clearance  values  greater 
than  45  cc/min  before  therapy  with  ganglionic  blocking  agents. 
Of  15  patients  with  poor  renal  function  before  treatment,  none 
survived  even  three  years. 

Kirkenda^L  /Z6/  wrote  that  successful  lowering  of  blood 
pressure  improved  signs  of  necrotizing  arteriolitis  that 
allowed  histologic  improvement.  To  produce  the  same  improve¬ 
ment  of  histology  in  the  kidney  "one  must  reduce  the  blood 
pressure  and  blood  flow  to  the  kidneys  so  that  glomerular 
filtration  rate  and  renal  excretory  function  are  reversibly 
decreased."  Thus,  one  is  on  the  horns  of  a  dilemma]  /26/ 

Kii  cendall  in  1961,  as  were  many  others,  was  faced  with  the 
fact  that  the  closer  to  normotension  the  patient  came,  the 
worse  the  renal  function  became  during  the  early  phase  of 
treatment  of  the  malignant  hypertension.  The  key  to  the  above 
quotation  is  that  aggressive  reduction  of  blood  pressure  might 
initially  lower  renal  function,  but  this  initial  decline  is  a 
functional  one  that  is  "reversible". 

Through  the  1960's,  physicians  were  still  -unable  to  cope 
with  malignant  hypertension  coexisting  with  significant  renal 
insufficiency.  Therapy  was  often  withheld  or  ineffectively 
administered  at  the  first  hint  of  blood  urea  nitrogen  rise. 

As  recently  a3  1966,  Langford  and  Bonas  /27/  advocated  that 
when  a  rise  in  blood  urea  nitrogen  occurs,  it  is  usually  best 
to  hold  the  pressure  at  the  level  that  has  been  obtained  or 
even  to  let  the  blood  pressure  go  slightly  higher  rath»r  than 
immediately  pressing  on  to  further  blood  pressure  reduction. 
They  did,  however,  recognize  the  need  to  continue  antihyper¬ 
tensive  therapy  in  treating  malignant  hypertension  despite  the 
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rise  in  blood  urea  nitrogen  to  perniiv  healing  of  the  necrotizing 
arterlolitia.  They  also  agreed  that  it  nay  be  necessary  to 
utilise  dialysis  while  hypotensive  therapy  was  being  given  in 
the  faoe  of  worsening  renal  functi  mi. 

Schroeder  /28/  claimed  that  if  improvement  in  renal  func¬ 
tion  doe 8  not  occur  early,  the  treatment  can  be  considered 
only  life  extending  and  he  predicted  a  steadily  progressive 
mortality.  He  did,  however,  recogniise  the  value  of  effective 
lowering  of  blood  pressure  of  malignant  hypertension  with  mild 
to  moderate  renal  insufficiency  and  noted  that  in  his  experi¬ 
ence,  one-quarter  of  such  treated  patients  survive  five  years. 

Woods  and  Blythe  /29/  appear  to  have  the  most  encouraging 
experience  in  the  literature  dealing  with  survival  of  patients 
having  malignant  phase  of  hypertension  complicated  by  severe 
renal  insufficiency.  These  authors  of  aggressive  therapy 
treated  20  patients  with  malignant  hypertension  and  a  blood 
urea  nitrogen  of  50  mg/100  cc  or  higher  and  noted  a  55  percent 
one-year  survival,  and  a  35  percent  two-year  survival  and  a 
25  percent  longer  term  survival. 

In  1969,  it  was  again  reported  that  aggressive  treatment 
of  acoele rated  hypertension  in  patients  with  azotemia  resulted 
in  slight  worsening  of  renal  function  during  the  first  two 
weeks.  However,  by  three  months  of  effective  treatment,  renal 
function  had  improved  to  levels  better  than  pretreatment 
values.  /30/ 

The  conclusion  is  that  reduction  of  blood  pressure  to 
normal  levels  in  patients  with  malignant  phase  of  hypertension 
complicated  by  renal  insufficiency  does  not  necessarily  result 
in  irreversible  deterioration  of  renal  function  and  may  actually 
improve  renal  function  in  a  large  proportion  of  patients. 


it  Hahnemann  it  is  obvious  to  our  staff  that  the  only  way 
to  attack  malignant  hypertension  associated  with  primary 
nephroangiosclerosis  is  to  lowe::  promptly  and  aggressively 
the  blood  pressure  to  nonaotenslve  levels.  However,  primary 
renal  parenchymal  disease,  such  as  chronic  glomerulonephritis 
and  lupus  nephritis,  may  be  ass  related  with  a  secondary  form 
of  malignant  hypertension  wt;ch  presents  entirely  different 
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considerations.  The  physician  is  now  faoed  with  the  neoessity 
of  considering  two  separate  prognostic  aspects  in  one  patient, 
i.e.  "What  is  the  prognosis  of  the  primary  renal  parenchymal 
disease  and  what  is  the  prognosis  of  the  secondary  said  co¬ 
existing  malignant  hypertension?".  Renal  insufficiency  might 
be  a  definite  feature  of  either.  The  clear  distinction  must 
be  made  early  between  malignant  hypertension  due  to  primary 
nephroangioselerosis  versus  malignant  hypertension  due  to 
primary  renal  parenchymal  disease.  Often,  the  only  means  by 
which  the  distinction  can  be  made  is  the  kidney  biopsy.  Once 
the  diagnosis  of  primary  nephroangioselerosis  is  established, 
the  treatment  program  for  the  malignant  phase  of  hypertension 

with  renal  insufficiency  is  clear  cut - noimo  tension  must 

be  acquired  and  maintained. 

Nomotension  provides  the  only  setting  in  which  the 
necrotizing  arteriolar  changes  within  the  kidney  will  heal. 
Nomotension  must  be  maintained  even  if  renal  insufficiency 
appears  to  worsen  in  the  early  phase  of  treatment.  This 
further  loss  of  glomerular  filtration  rate  manifesting  a  rise 
in  serum  creatinine  and  blood  urea  nitrogen  is  a  functional, 
reversible  loss. 

The  sudden  decrease  in  perfusion  pressure  resulting  from 
the  antihypertensive  prescription  will  result  in  a  decreased 
glomerular  filtration  rate,  A  transient  worsening  of  azotemia 
and  even  uremia  may  occur  during  the  early  vascular  healing 
phase.  A  need  for  supportive  peritoneal  dialysis  or  hemo¬ 
dialysis  therapy  may  become  apparent  in  some  cases.  Certainly, 
if  the  diagnosis  is  made  early  and  treatment  initiated  early, 
this  need  will  be  transient.  Once  the  fibrinoid  vascular 
changes  have  healed  and  renal  arterioles  are  again  patent,  the 
glomerular  perfusion  will  improve  and  glomerular  filtration 
rate  will  gradually  increase.  Such  an  example  is  represented 
in  the  following  case  presentation. 


CASE  REPORT 

The  patient  is  a  32-year- old  black  female  who  presented 
with  a  one-week  history  of  rapidly  progressing  dizziness, 
severe  suboccipital  headache,  and  nausea.  On  the  day  of  ad¬ 
mission,  she  had  several  episodes  of  vomiting.  There  was  no 
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past  history  of  renal  disease,  hypertension,  cardiovascular 
disease,  or  diabetes.  The  family  history  was  negative  for 
hypertension. 

The  physical  examination  demonstrated  the  blood  pressure 
to  be  230/156  mm  Hg  in  the  right  arm  and  228/152  mm  Hg  in  the 
left  arm.  Pulse  rato  was  96  beats/min  and  regular.  Oral 
temperature  was  96.6  F,  Fundus copic  examination  revealed 
severe  arteriolar  spasm,  soft  cottonwool  exudates,  flame  shape 
hemorrhages,  and  pupilledema  bilaterally.  The  heart  examina¬ 
tion  demonstrated  ths  point  of  maximal  impulse  in  the  sixth 
intercepts;,  space  in  the  anterior  axillary  line.  A  prominent 
left  ventricular  heave  was  noted.  An  atrial  gallop  was  present. 
A  grade  T1I/VI  early  systolic  ejection  murmur  was  noted  at  the 
second  right  intercostal  space.  The  lung  fields  were  clear. 
Abdominal  examination  shoved  no  palpable  liver,  spleen,  or 
kidneys,  'here  was  no  costovertebral  angle  tenderness  and 
there  was  no  abdominal  bruit.  Femoral  pulses  were  strong 
bilaterally.  All  peripheral  pulses  were  found  tv  be  normal. 
There  was  a  trace  of  pretibial  and  pedal  edema  bilaterally. 

The  neurologic  evaluation  showed  the  patient  to  be  moderately 
lethargic,  but  she  was  well-oriented  for  time,  place,  and 
person.  Thera  was  no  nuchal  rigidity  and  no  localizing  neuro¬ 
logic  abnormality. 

laboratory  evaluation  demonstrated  the  blood  urea  nitrogen 
to  be  109  mg/100  cc,  serum  creatinine  11.5  mg/100  cc,  serum 
sodium  137  mEq/L,  serum  potassium  3.8  mEq/L,  serum  chloride 
98  mEq/L,  and  serum  carbon  dioxide  combining  power  20.9  mEq/L. 
Urinalysis  demonstrated  8-10  red  blood  cells/HPF  and  10-15 
white  blood  cells/HPF,  and  a  one  plus  reaction  to  protein. 

Tests  for  urine,  sugar,  and  acetone  were  negative.  Urine 
specific  gravity  was  1.005.  Complete  blood  count  showed  a 
hematocrit  of  29  percent,  hemoblobin  of  9.6  gm/100  cc,  white 
blood  count  of  5,150  with  65  percent  segmented  forms,  5  percent 
band 8,  and  30  percent  lymphocytes.  The  peripheral  plasma  renin 
activity  was  5000  ng/100  cc  (Method  of  Bcuchsr).  The  initial 
therapy  consisted  of  alpha -me thyldopa  500  mg  intravenously  and 
furo8imide  80  mg  intravenously.  The  alpha -me thyldopa  was 
repeated  in  a  dose  of  500  mg  intravenously  every  six  hours 
for  four  do 888.  At  that  time,  the  patient  was  started  on  oral 
therapy  consisting  of  alpha-me thyldopa  5 00  mg  every  six  hours 
in  combination  with  hydralazine  50  mg  every  six  hours  and 
furosimide  80  mg  every  12  hourB.  Within  12  hours  after  the 
patient's  admission,  the  blood  pressure  was  reduced  to  120/80 
mm  Hg  and  within  24  hours  the  oral  medication  described  above 
was  maintaining  a  blood  pressure  of  100/70  mg  Hg  in  the  supine 
position. 
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Three  days  later  the  blood  urea  nitrogen  had  increased  to 
150  mg/100  cc  and  the  serum  creatinine  had  risen  to  16.2  mg/100  cc. 
A  renal  arteriogram  demonstrated  patent  main  renal  arteries 
bilaterally.  There  was  moderate  arcuate  and  interlobular 
arterial  narrowing  within  the  renal  cortex.  The  transit  time 
of  the  radiopaque  material  was  delayed  and  there  was  absence 
of  nephrogram  effect.  On  the  fifth  hospital  day  the  blood 
urea  nitrogen  was  noted  to  have  increased  to  193  mg/100  cc 
and  the  serum  creatinine  was  15.3  mg/100  cc.  The  patient  had 
developed  further  evidence  of  uremia  and  peritoneal  dialysis 
was  instituted  for  the  ensuing  48-hour  period.  Open  renal 
biopsy  was  then  performed.  The  renal  biopsy  demonstrated 
evidence  of  fibrinoid  necrosis  of  the  afferent  arterioles 
and  interlobular  arterioles.  Figure  1.  There  was  also 
typical  onion-skin  effect  in  arterioles  diffusely  throughout 
the  kidney.  Figure  2.  The  interstitium  was  moderately  in¬ 
volved  with  round  cell  inflammatory  reaction,  edema,  and  a 
mild  degree  of  fibrosis.  The  glomeruli  were  nonspecifically 
thickened  and  minimally  proliferative.  Figure  3.  Only  a  few 
of  the  glomeruli  were  entirely  hyalinized.  Two  24-hour  urines 
for  vanillylaandelic  acid  excretion,  were  6  mg/24  hours  and 
7  mg/24  hours,  repeated  urinary  cultures  demonstrated  no 
significant  growth. 

The  clinical  course  was  marked  by  normo tensive  response 
to  the  medications  (furosimide,  hydralazine,  and  alpha-methyl 
dopa).  The  patient  showed  continuous  improvement  in  overall 
well-being.  Over  the  next  three  weeks,  there  was  a  stabili¬ 
zation  of  the  blood  urea  nitrogen  at  14  ,/lGO  cc  and  the 
serum  creatinine  at  11.3  mg/100  cc. 

An  orthostatic  response  to  the  medications  was  noted  as 
the  blood  pressure  was  consistently  lower  in  the  standing 
posture  than  it  was  in  the  supine  poseurs.  The  average  blood 
pressure  in  the  standing  posture  was  115/80  mm  Hg  and  the 
average  blood  pressure  in  the  supine  posture  was  170/100  mm  Hg 
during  the  patient's  hospitalization.  For  this  reason,  the 
patient's  bed  was  tilted  30  degrees  upright  at  the  head.  The 
patient  was  discharged  and  followed  at  frequent  intervals  as 
an  outpatient.  Medications  were  continued  and  occasional 
adjustments  were  made  to  maintain  normo tensive  blood  pressure 
levels.  Associated  with  the  marked  orthostatic  response  noted, 
three  episodes  of  dizziness  occurred  during  the  next  few  months. 
However,  there  was  no  syncope.  Again  the  supine  blood  pressure 
was  consistently  higher  them  the  normotensive-to-slightly-hypo 
tensive  standing  blood  pressure.  The  patient's  bed  at  home 
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was  placed  in  the  30  degree  head-up  tilt  position  to  avoid 
the  mild  blood  pressure  elevations  while  she  slept. 


During  the  outpa oient  follow-up  period,  the  patient  was 
trr.ined  to  record  her  own  blood  pressures  at  home.  She  kept 
an  extremely  accurate  record  which  corresponded  well  with  the 
in-office  readings. 

The  fundus copic  picture  cleared  over  the  initial,  three 
months  of  outpatient  follow-up  and  her  residual  fundus copic 
changes  consisted  of  mild  arteriolar  narrowing  with  no  evidence 
of  hemorrhages  or  exudates. 


The  p&ulent  returned  to  work  after  three  months  and  main¬ 
tained  full  employment  following  that  date. 

The  blc-L-i  urea  nitrogen  and  serum  creatinine  progressively 
decreased  over  the  next  few  months,  and  within  two  months  the 
creatinine  clearance  increased  to  30  tal/min. 

After  having  maintained  a  steady  improvement  while  normo- 
tensive  for  seven  months,  the  patient  was  readmitted  to  the 
hospital  for  elective  evaluation  of  her  renal  status.  The 
repeated  kidney  biopsy  showed  definite  evidence  of  afferent 
and  interlobular  arteriolar  patency.  Figure  4.  There  was  no 
evidence  of  the  typical  onion-skin  effect  and  fibrinoid  necro¬ 
sis  which  bad  been  noted  in  the  initial  biopsy.  Many  glees ruli 
did  show  SL-ae  evidence  of  shrinking  and  there  was  an  increase 
of  Bowman's  space.  Figure  3.  However,  the  glomerular  capi¬ 
llaries  were  no  longer  thickened  and  the  degree  of  prolifera¬ 
tion  was  less  than  had  been  noted  iu  the  initial  biopsy.  The 
creatinine  clearance  was  30  ai/ndc  and  the  serum  creatinine 
was  3*6  mg/100  cc. 

Repeated  evaluation  of  the  peripheral  plasma  renin 
activity  demonstrated  values  below  1000  ng/100  cc  in  contrast 
to  the  initial  value  of  5000  ng/100  cc  during  the  initial 
hospitalisation. 

The  patient  was  then  seen  at  monthly  intervals.  ahe 
maintained  a  no nao tensive  blood  pressure  in  the  upright  posture 
and  a  minimum  degree  of  hypertension  was  recorded  only  occa¬ 
sionally  in  the  supine  posture.  The  medication  was  continued 
rigidly  by  the  patient.  Thirteen  months  after  initial  treat¬ 
ment  the  patient's  blood  urea  nitrogen  was  42  mg/100  cc  and 
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serum  creatiniue  was  2.9  mg/100  cc,  and  the  creatinine  clear¬ 
ance  was  35  al/oin.  Figure  6.  The  patient  has  maintained 
full  employment  in  the  capacity  of  laboratory  technician - 
The  antihypertensive  prescription  at  present  is:  furosiaide 
80  mg  twice  daily,  hydralasine  100  mg  four  times  daily,  alpha 
mstbyldopa  500  mg  four  times  daily. 


I  t(t.  fc.  Summary  of  patient*  rhnicai  course  and  treatment. 
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URINARY  l'RACi  INI-ECIiON 


Its  Diagnosis  and  Significance 
CPT  Michael  R.  Conger,  MC* 

The  role  of  urinary-  tract  infection  in  the  evolution  of 
significant  renal  disease  is  a  subject  of  fervent  current  in¬ 
vestigation.  The  significance  of  asymptomatic  bacteriuria  is 
hotly  debated.  This  paper  vial  attempt  to  clarify  vhy  there 
is  a  cisparity  of  thought  on  this  subject  and  bring  the  presently 
known  facts  together  so  that  the  re ace r  will  be  able  to  appraise 
critically  future  references  to  the  topic. 


Diagnosis  of  unr.sry  tract  infection 

There  is  no  problem  ciagnosing  urinary  tract  infection  in 
the  patient  with  fever,  flank  pain,  ..ysuria,  ana  pyuria.  The 
problem  lies  in  determining  the  significance  of  symptoms  with 
a  normal  urinary  sediment  or  bacteriuria  in  the  absence  of 
symptoms.  TAILS  I  outlines  a  few  common  reasons  for  the  mis¬ 
diagnosis  of  urinary  tract  infections . 

A  frequently  confusing  problem  is  the  fino.ing  of  pyuria  in 
a  "routine”  urinalysis.  Although  this  finding  should  alert  one 
to  a  -.'.iagnosis  of  infection,  pyuria  can  occur  in  the  absence  of 
bacteriuria.  TABLE  II  outlines  the  nonbacterial  causes  if  pyuria 
which  must  also  be  consicered  when  it  is  discovered.  When  urine 
cultures  are  sterile  in  such  instances  (or  have  an  insignificant 
bacterial  growth),  genitourinary  tract  tuberculosis  should  be 
considered  and  excluded  by  obtaining  at  least  three  morning 
urines  for  Ziehl-Neelson  staining  snd  cultures. 
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TAB1.K  1 

REASONS  FOR  MISDIAGNOSIS  OF  URINARY  TRACT  INFECTION 

-♦PYURIA  (>5  WBO/^pf  SPUN  UR1NF.) 

occurs  only  in  50  percent  of  women  with  asymptomatic 
hacteriuria 

occurs  in  the  absence  of  oacteriuria 


-*“WBC  CASTS" 

may  come  from  prostate 

-POSTERIOR  URETHRAL  INFECTION 
may  occur  in  patients  without  bacteriuria 

— DYSURIA 

may  not  mean  bladder  infection  even  with  1000-  10,000 
organisms  per  milliliter 

— BACTEPJURiA 

exists  asymptomatically 


3 

's 

3 

-5 


TABLE  II 

NON-3ACTER1AL  CAUSES  OF  PYURIA 


GLOMERULONEPHRITIS 
LUPUS  NEPHRITIS 

RF.NAL  TUBULAR  CELLS  MISDIAGNOSED 
AS  WHITE  BLOOD  CELLS 

BLADDER  TUMORS 
URETHRITIS  (TnchomonaO 


a 

I 
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Although  glomerulonephritis  or  lupus  nephritis  cause  pyuria, 
they  should  be  apparent  from  other  clinical  manifestations. 

Renal  tubule  ceils  resemble  white  blood  cells  but  can  be  differr 
entiated  from  them  by  the  use  of  peroxidase  stain  (Sedi-stain'R' ) . 
Bladder  tumors  should  be  considered  as  a  cause  of  pyuria  when  the 
patient  is  past  forty  or  has  a  history  of  exposure  to  anilene  dyes 
or  heavy  cigarette  smoking.  Urethritis  without  infection  of  the 
urine  can  often  be  confirmed  by  comparing  a  two-part  urine  collec¬ 
tion.  Trichomoniasis  as  a  cause  of  pyuria  can  be  determined  by 
examination  of  the  sediment  and  recognition  of  the  organism.  It 
is  therefore  apparent  that  symptomatology  and  urinalysis  may  aid 
in  diagnosing  urinary  tract  infection,  but  the  urine  culture  is 
still  required  to  confirm  it. 

Urine  is  normally  sterile.  It  had  been  theorized  that 
showers  of  bacteria  occurring  normally  could  cause  a  low  titer  of 
bacteria  to  appear  in  the  urine  via  glomerular  filtration.  Stamey 
and  pfau  /l/,  however,  gave  intravenous  bacterial  injections  to 
dogs  without  resultant  bacteriuria.  Thus  there  is  strong  evidence 
that  bacteremia  does  not  induce  bacteriuria  in  nonobstructed 
individuals.  Despite  the  known  sterility  of  urine,  it  has  been 
shown  that  only  two  percent  of  women  with  sterile  urine,  as  proven 
by  suprapubic  needle  aspiration,  have  a  sterile  midstream  collec¬ 
tion.  Figure  1.  We  are  therefore  obligated  to  develop  some 
ground  rules  for  deciding  the  significance  of  a  positive  culture. 
If  the  female  perineum  is  meticulously  scrubbed  and  a  total  voided 
specimen  contains  more  than  105  organisms  per  milliliter,  there  is 
an  80  percent  chance  that  the  patient  has  a  urinary  tract  infec¬ 
tion.  Two  such  positive  specimens  gives  a  91  percent  chance  that 
the  patient  is  infected,  and  three  such  cultures  gives  a  95  per¬ 
cent  chance.  /2 /  Realistically,  however,  waiting  for  two  or  three 
consecutive  procedures  to  approach  a  respectable  range  of  error 
represents  a  serious  time  delay  as  well  as  additional  expanse . 
Also,  this  statistical  presentation  does  not  tell  one  how  many 
people  with  less  than  105  bacteria  have  significant  infection  and 
many  physicians  have  misinterpreted  these  figures  to  mean  that 
no  one  with  less  than  10^  organisms  per  milliliter  has  a  signifi¬ 
cant  infection.  Stamey  and  Pfau  /!/  list  three  alternatives  to 
the  total  voiding  cultures  which  can  avoid  these  problems: 

(l)  suprapubic  needle  aspiration  of  the  bladder,  (2)  midstream 
urine  specimen  collected  on  lithotomy  table  after  nurse  cleans 
the  perineum,  and  (3)  catheterization  of  the  bladder. 
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l  ip  1.  Midstream  bacterial  counts  in  54  females  with  slirile  suprapubic  bUdder  aspirations.  /]]/ 

(Reproduced  by  permission  of  the  authors  and  The  Williams  and  Wilkins  Co.,  publishers./ 

Needle  aspiration  of  the  bladder  is  safe,  offers  a  99  per¬ 
cent  confidence  level  for  obtaining  sterile  urine,  and  is  pain¬ 
less,  but  ciay  be  emotionally  distressing  to  the  patient.  Stamey 
and  Pfau  /l/  suggest  that  collecting  a  midstream  specimen  from 
a  patient  on  a  cystoscopy  table  after  a  trained  nurse  has 
thoroughly  cleansed  her  perineum  is  nearly  as  efficient  (95 
percent  confidence  level).  Figure  2.  ibis  is  not  practical  for 
most  physicians,  however.  Although  catheterization  is  an  accurate 
way  of  diagnosing  urinary  tract  infections,  there  is  the  risk  of 
causing  an  infection.  Hie  risk  is  reasonably  small  in  outpatients 
without  a  urinary  tract  abnormality,  but  in  any  hospitalized 
patient  the  incidence  of  infection  is  high  —  as  high  as  20  per¬ 
cent  on  a  medical  ward  according  to  one  report.  /3/  If  a  patient 
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needs  catheterization  because  of  obstruction  it  shoui  i  not  be 
avoioed,  but  to  use  a  catheter  for  diagnosis  may  ier.J  to  a 
iiiorbi  :ity  of  its  own. 


Bacteria  per  ml. 

I  ie.  2.  Midstream  cultures  voided  from  cystoscopy  table  in  151  females  with  sterile  suprapubic  bladder 
aspirations  / 11;  , 'Reproduced  by  permission  of  the  authors  and  The  Williams  and  Wilkins  Co  .  publishers  i 


For  normal  use,  a  midstream  specimen  after  the  patient 
cleanses  the  perineum  voulc  seem  to  be  the  best  method  if  the 
'atient  is  reliable.  Results  should  probably  be  confirmed  by 
^  second  specimen.  If  patient  displays  poor  hygiene  or  is  unable 
to  follow  instructions,  a  midstream  collection  following  a  perineal 
scrub  by  a  nurse  would  be  advisable.  A  suprapubic  needle  aspira¬ 
tion  would  be  a  reasonable  alternative  and  should  be  considered  in 
cases  where  the  diagnosis  is  questionable  by  other  means. 
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In  determining  the  significance  of  a  colony  count,  despite 
the  care  (or  lack  of  it)  with  which  the  specimen  is  collected, 
one  snould  be  cognizant  of  the  type  of  organisms  cultured  be¬ 
cause  lactobacilli ,  streptococci  (except  enterococci),  and 
staphylococci  (other  than  in  diabetic  patients)  are  usually 
contaminants.  Such  organisms  when  present  in  large  numbers 
generally  signify  a  poorly  collected  specimen  and  call  for 
another  care fully  obtained  specimen.  Some  pitfalls  must  also 
be  avoided  which  might  falsely  lower  a  significant  urinary 
bacterial  count,  such  as  antibiotic  therapy,  hydration,  frequency 
of  voiding,  fastidious  organisms,  and  contamination  of  the  speci¬ 
men  by  soap. 


Significance  of  Urinary  Tract  Infections 

Bie  incidence  of  bacteriuria  in  various  population  groups  is 
well-established.  It  varies  from  four  percent  in  males  seen  in 
the  medical  outpatient  department  to  almost  100  percent  in  patients 
with  indwelling  catheters  for  over  96  hours.  / 9/ 


I 

£ 

* 
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Hie  rarity  of  bacteriuria  in  young  males  has  been  documented 
by  Kunin's  work  / 5/  in  which  he  reported  only  two  positive  cultures 
in  7,731  boys  and  young  men,  1,116  of  whom  were  between  the  ages  of 
15  and  29  years. 


To  enable  one  to  estimate  prognosis  and  judge  the  effect  of 
therapy,  urinary  tract  infection  has  been  conveniently  divided  into 
four  categories  /6/:  (1)  uncomplicated  acute  urinary  tract  infec¬ 

tions,  (2)  complicated  acute  urinary  tract  infections,  (3)  asympto¬ 
matic  bacteriuria  of  unknown  duration,  and  (U)  chronic  bacteriuria. 

Acute  urinary  tract  infection  may  often  be  self-limited  but 
should  be  treated  because  in  a  few  instances  it  is  followed  by 
chronic  bacteriuria.  With  repeat  episodes  of  infection  a  thorough 
evaluation  should  be  undertaken  and  all  young  Een  should  have  a 
complete  urologic  evaluation  at  the  time  of  their  first  episode. 
Complicated  urinary  tract  infections  are  acute  episodes  and  a 
structural  abnormality  is  present.  Hie  infection  will  not  usually 
be  cured  until  the  anatomic  defect  is  corrected. 
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Asymptomatic  bacteriuria  is  usually  a  problem  of  females 
and  a  careful  history  will  often  reveal  previously  undescribed 
symptoms  of  urinary  tract  infection.  A  number  of  these  patients 
will  also  go  on  to  develop  subsequently  symptomatic  infections. 
Chronic  bacteriuria  means  persistent  bacteriuria  with  repeated 
symptomatic  intervals  interspersed  with  asymptomatic  intervals. 
Many  of  these  patients  have  an  associated  obstructive  uropathy. 
These  infections  are  often  resistant  to  treatment  for  a  number 
of  reasons  including  resistant  bacteria,  obstruction,  renal 
calculi  (which  are  a  constant  reservoir  of  infection),  emergence 
of  antibiotic-resistant  mutants,  and  an  environment  unfavorable 
to  antibiotic  action  in  the  renal  parenchyma.  Hie  possibility 
that  local  and  humeral  mechanisms  in  the  kidney  are  not  favorable 
to  eradication  of  the  infection  may  als  account  for  the  failure 
of  adeauate  treatment. 


The  Danger  of  Chronic  Infection 

It  is  an  inherent  quality  of  physicians  which  makes  them 
want  to  treat  and  eradicate  any  pathologic  condition.  The 
presence  of  asymptomatic  or  chronic  bacteriuria  is  a  prime 
example  of  such  a  situation,  but  workers  in  this  area  are  having 
difficulty  -Jedding  whether  or  not  the  mere  presence  of  bacteria 
in  urine  is  oangerous. 


There  is  no  indication  that  chronic  bacteriuria  uoes  any 
permanent  damage  to  the  urethra  or  to  the  bladder,  however,  a 
great  deal  of  controversy  revolves  around  whether  or  not  chronic 
bacteriuria  leads  to  chronic  pyelonephritis.  The  controversy  is 
made  almost  unresolvable  by  a  complete  lack  of  agreement  on  a 
definition  of  pyelonephritis  as  reflected  in  the  comment  by 
Petersdorf  and  Turck  /6 /: 


.  .  .  Nephrologists  tend  to  equate  pyelonephritis 
a  disease  characterized  predominantly  by  tubular 
dysfunction  that  eventuates  in  uremia;  urologists 
think  of  pyelonephritis  in  terms  of  obstructive 
uropathy  and  vesicoureteral  reflux  as  forerunners 
of  infection;  pediatricians  think  of  pyelonephritis 
as  a  disease  associated  with  congenital  abnormalities 
that  lead  to  repeated  infections,  failure  to  thrive, 
and  renal  insufficiency;  am  pathologists  are  still 
struggling  witn  the  problem  of  how  to  define  the 
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disease  morphologically  and  to  establish  a  rela¬ 
tionship  between  a  specific  histologic  picture 
and  a  variety  of  pathogenic  stimuli ,  including 
analgesic  ingestions,  irradiation,  potassium 
depletion,  hypertension,  anc  infection. 


It  _s  known  that  a  large  percentage  of  pregnant  women 
with  untreated  bacteriuria  will  develop  acute  pyelonephritis. 

Savage  et  al  /?/  reported  that  26  percent  of  those  untreated 
versus  zero  percent  of  the  treated  women  in  a  double  blind 
study  developed  acute  pyelonephritis  before  the  termination 
of  the  pregnancy.  Therefore,  a  strong  recommendation  for 
treatment  of  bacteriuria  in  pregnancy  is  made  especially  to 
prevent  acute  pyelonephritis.  An  association  with  prematurity, 
perinatal  death,  and  toxemia  has  been  suggested,  but  this  demancs 
further  stuay.  /7,8,. 

Studies  /9-11,  nave  shown  that  approximately  50  percent  of 
patients  with  recurrent  bacteriuria  have  culturable  bacteria 
obtainable  from  the  ureter.  Renal  pelvic  bacteriuria  has  been 
taken  by  many  to  mean  that  this  is  consistent  with  chronic 
pyelonephritis,  but  this  has  never  been  proven.  Stamey  and  Pfau  /I  ' 
prefers  to  call  this  "pyelitis" - 

There  is  a  defect  in  tt»e  concentrating  ability  of  the 
kidney  in  chronic  pyelonephritis.  TABLE  III.  A  similar  defect 
has  been  demonstrated  in  cases  of  renal  bacteriuria  and,  more 
importantly,  this  defect  existed  only  on  the  bacteriuric  side 
in  patients  who  did  not  have  renal  bacteriuria  bilaterally. 

This  concentrating  uefect-  improves  following  eradication  of  the 
bacteriuria.  '12,  Some  people  consider  this  evidence  for  chronic 
pyelonephritis,  however,  this  is  merely  "guilt  by  association". 
According  to  Stamey  ana  pfau  / 1-  no  one  has  proven  that  bacteria 
in  the  renal  pelvis  lead  to  chronic  destruction  of  renal  tissue. 
Both  chronic  pyelonephritis  and  pelvic  bacteriuria  could  cause  a 
defect  in  concentrating  ability. 

Hemagglutination  studies  demonstrated  higher  titers  of  anti¬ 
bodies  to  bacteria  in  cases  of  acute  pyelonephritis  than  they  do 
in  cystitis.  Ihe  persistence  of  ahtibody  titers  is  also  observed 
in  patients  with  chronic  pyelonephritis  from  whom  bacteria  carrot 
be  cultured.  /7,13/  Guttman  et  al  /lk/  showed  that  ir  57  patients 
with  sterile  urine  and  chronic  pyelonephritis,  11  had  bacterial 


Present  Concepts.  I'ol  11'  Xo  9.  September  197] 


t-'»T  Vi'y. 


I'iiiiiiii’  l mi  I  In/i  >  limi  (miyri 


variants  in  l.iif* i r  urine.  These  variants  which  are  difficult 
to  culture  coni  \  explain  the  existence  of  titers  in  patients 
without  eulturablc  bacteria  but  whether  or  not  this  is  relate 
to  chronic  pyelonephritis  is  yet  to  be  proven. 

TABLK  111 

CONCENTRATING  ABILITY  IN  MiLLIOSMCLES* 


Right  Ktoncy 


Left  Kidney 


BLADDER 

BACTER1UR1A 


lnfctted  Kidney  Non4nfected 
K<dney 


RENAL 

BACTERIUR1A  675 


initial  After 

Irradication 

ALTER 

IRRADICATION 

OF  INFECTION  731  -62 

•Adapted  Item  Ranald,  ct  a):  Ann  Intern  toed  70:723-733, 1969 

Stamey  anc:  Pfau  /l  •  believe  that  the  only  way  to  determine 
the  existence  of  pyelonephritis  is  by  intravenous  urograms  that 
snow  uestruction  of  the  renal  cortex .  A  recent  intravenous 
pyelograph  stuuy  in  two  parts,  /I5,l6,/  done  in  Wales  showed  no 
evinence  of  chronic  progressive  pyelonephritis  in  93  'women  with 
chronic  bacteriuria,  50  percent  of  whom  were  over  the  age  of  45 
years.  Aoki  et  al  /17/  showed  by  immunofluorescence  the  presence 
in  the  kidney  of  bacterial  antigen  in  six  of  seven  patients  with 
"a  bacterial’’  pyelonephritis.  Again  there  is  no  proof  that  this 
leads  to  chronic  pyelonephritis.  A  point  against  its  leading  to 
chronic  pyelonephritis  was  mace  by  Sanford  and  Barnett  /!&/  when 
they  showed  that  the  existence  of  antigen  following  acute  pyelo¬ 
nephritis  in  rats  aid  not  leaa  to  progressive  scarring  and  loss 
of  tissue . 

Even  though  bacteriuria  is  ten  times  more  common  in  females 
than  in  males,  this  sexual  predominance  is  not  seen  in  chronic 
pyelonephritis.  This  wouiu  point  away  from  bacteriuria  as  a 
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cause  of  chronic  pyelonephritis,  /l/ 

Freedman  /ly/  in  an  autopsy  review,  found  64  cases  of 
chronic,  nonobstructive  pyelonephritis.  Only  15  of  these  cases 
died  vith  uremia,  and  of  these  15  only  one  had  a  history  of 
urinary  tract  infections  during  life,  and  only  two  had  positive 
cultures  prior  to  the  onset  of  uremia.*  Fourteen  of  the  15, 
however,  had  a  history  of  other  disease  predisposing  to  renal 
disease . 


COMMENT 

The  majority  of  the  current  evidence  points  toward  the 
fact  that  bacteriuria  has  little  to  do  with  the  development  of 
chronic  renal  disease,  however,  future  work  should  always  be 
considered  with  an  open  mina. 


•Tim  might  mugged  that  •'abacterial"  pyelonephritis  i.c.  an  immunologic  phenomenon,  is  an  important 
factor  JJi> 
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MANA(iFMHN !  OF  ACL1  I  F  INTOXICA  TION  WI  TH  BARBITURATE'S 
HEROIN  AND  LSI) 


LTC  James  II.  Shinaberger,  MC  USAR* 
BARBITURATE  INTOXICATION 


Barbiturates  remain  the  drug  moPt  often  reported  as  the 
cause  of  poisoning  in  adults  in  the  United  States.  A  fairly 
recent  estimate  suggests  there  are  more  than  15,000  hospitali¬ 
sations  and  1,000  deaths  annually  from  such  intoxications. 
Because  of  the  current  drug  culture  evolving  in  the  country 
and  particularly  in  our  own  coneninity,  this  is  probably  a 
gross  underestimation.  In  addition  bo  the  former  classical 
case  of  acute  massive  ingestion  for  suicidal  reasons,  a  new 
class  of  overdose  problem  is  being  seen  in  greater  numbers. 
These  are  the  chronic  barbiturate  abusers  who  regularly  take 
15  to  20  "reds"  or  "yellows*1  per  day  and  who  are  seen  as  acute 
overdose  problems  when  they  abruptly  increase  their  intake  to 
30  or  40  capsules  in  a  given  day,  either  through  despondency 
or  actual  error  in  judgment  in  calculating  the  dose  required 
to  produce  the  desired  effect.  Presumably  because  of  tolerance 
or  enzyme  induction,  these  intoxications  tend  to  take  a  milder 
course,  but  their  treatment  is  complicated  by  the  possibility 
of  the  potentially  lethal  barbiturate  withdrawal  syndrome  if 
the  background  of  chronic  abuse  is  unrecognized.  The  signs 
and  symptoms  are  given  in  TABLE  I. 


Treatment 

Necessary  treatment  for  mild  intoxications  as  in  recent 
ingestion  or  low  dosage  may  be  only  induction  of  emesis  (if 
the  patient  is  alert)  or  lavage  and  observation  if  the  patient 
is  only  mildly  depressed.  Eoesis  may  be  induced  by  injections 
of  apomorphlne,  0.07  mg/kg  of  body  weight.  Emesis  is  more 
effective  if  the  stomach  contains  liquid.  Nalorphine  should 
be  immediately  accessible  in  the  event  that  apcoorphine  produces 
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respiratory  depression.  If  lavage  is  done,  it  will  be  most 
effective  if  2-3  liters  of  saline  containing  a  3lurry  of  at 
least  1  gm/kg  activated  charcoal  (powder,  not  tablets)  is 
used.  The  charcoal  quantitatively  absorbs  the  drug  and  pre¬ 
vents  ' J  s  absorption  by  the  gastrointestinal  tract.  Following 
lavage  3-90  ml  of  castor  oil  is  instilled  into  the  stomach. 
The  lipid  soluble  drug  is  selectively  dissolved  into  the  non 
absorbable  oil  which  removes,  the  remainder  of  the  drug  from 
the  bowel.  In  the  presence  of  even  minimal  depression,  oil 
instillation  should  not  be  done  unless  a  cuffed  nasotracheal 
tube  is  in  place  and  inflated. 

Any  patient  who  will  tolerate  an  endotracheal  tube 
requires  it.  The  cuff  should  be  deflated  15  minutes  every 
2  hours,  and  tracheobronchial  suctioning  with  aseptic  tech¬ 
nique  should  be  faithfully  performed  as  frequently  as  neces¬ 
sary.  With  any  degree  of  hypoventilation  and  certainly  if 
the  p02  is  70  nan  Hg  or  less,  mechanical  assistance  should  be 
provided.  A  head  down  position  and  frequent  turning  help 
prevent  atelectesis.  With  prolonged  coma,  aspiration  or 
bacterial  pneumonitis  is  common  and  tests  for  this  should  be 
frequent.  Gram-negative  infections  are  common.  A  simple 
oxygen  saturation  test  has  recently  been  described  which  will 
detect  aspiration  pneumonia  before  clinical  or  radiological 
findings  are  present.  Maintenance  of  adequate  airway  and 
ventilation  is  the  single  most  important  aspect  of  sedative 
overdose  management. 


Hypotension 

Barbiturates  and  most  other  sedatives  produce  vaso¬ 
dilation  and  relative  hypovolemia.  Surprisingly  large  amounts 
of  plasma  expanders  may  be  required  to  produce  a  normal  central 
venous  pressure  (CVP),  tissue  perfusion  and  glomerular  filtra¬ 
tion.  Vasopressors,  preferably  with  inotropic  action  should 
be  used  rarely  and  only  when  it  is  certain  that  effective 
circulating  plasma  volume  is  normal.  If  renal  perfusion  is 
adequate  blood  pressures  somewhat  lower  than  those  usually 
considered  normal  are  acceptable  in  the  comatose,  totally 
relaxed  patient. 
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Re wanning  to  prevent  ventricular  fibrillation  ia  indicated 
if  body  temperature  falls  to  32  C. 


Forced  Diuresis 


With  the  exception  of  phenobarbital,  the  barbiturates 
have  pK  values  higher  than  physiological  pH  and  are  not  ex¬ 
creted  in  the  active  form  in  significant  amounts  in  the  urine. 
The  excretion  of  phenobarbital  (pK  7.2)  can  be  significantly 
increased  by  forced  alkaline  diuresis  provided  the  urinary  pH 
is  maintained  above  this  level.  The  excretion  of  short-acting 
barbiturates  can  be  increased  about  20  percent  by  forced  os¬ 
motic  diuresis.  The  increased  clearance  is  related  to  the 
increased  urine  flow.  Since  flow  rates  above  100  ml/hr  are 
required,  careful  attention  to  replacement  of  electrolytes  is 
necessary.  An  additional  40  ml/hr  should  be  given  for  insen¬ 
sible  loss  (less  if  on  respirator,  more  if  fever  is  present). 


Dialysis 


Peritoneal  dialysis  is  relatively  inefficient  for  removal 
of  barbiturates,  but  is  occasionally  necessary  in  children. 
Hemodialysis  should  be  considered  when  the  following  factors 
are  present:  (i)  the  patient  is  elderly,  (2)  there  are  com¬ 
plicating  diseaoesc  (3)  failure  to  improve  with  conservative 
management,  and  (4)  blood  levels  are  3.0  mg/100  cc  short-acting 
or  7  mg/100  cc  long-acting.  Hemodialysis  is  somewhat  less 
effective  for  short-acting  barbiturates  and  dialysis  with 
lipid  dialysate  may  be  considered.  If  dialysis  is  elected, 
careful  attention  to  all  of  the  general  supportive  measures 
must  be  maintained  throughout  the  procedure. 


Psychiatric  Assistance 


The  most  important  time  for  the  psychiatric  evaluation 
and  therapy  is  iamediately  after  awakening. 
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Chronic  barbiturate  abuse  has  become  extremely  widespread 
and  a  special  note  regarding  the  barbiturate  abstinence  syn¬ 
drome  is  included  because  of  its  medical  importance.  Barbi¬ 
turic  acid  was  synthesized  in  186 3  and  barbital  was  intro¬ 
duced  into  medical  practice  in  1903.  Chronic  intoxication 
and  convulsions  upon  withdrawal  were  described  in  Germany  as 
early  as  1905.  Subsequent  reports  of  barbiturate  dependency 
went  unheeded  until  the  studies  of  Isbell  and  co-workers  in 
1950  who  did  controlled  experiments  in  man  which  demonstrated 
conclusively  that  the  abuse  of  barbiturates  can  induce  physical 
dependency.  The  intoxication  syndrome  resembles  alcoholic 
intoxication  and  is  characterized  by  lethargy  or  somnolence, 
wide-based  staggering  gait,  nystagmus  on  lateral  gaze,  slurred 
speech,  impaired  judgment,  and  emotional  lability.  The 
abstinence  syndrome  is  far  more  serious  than  the  abstinence 
syndrome  of  opiate  addiction.  Not  only  are  convulsions  and 
temporary  psychosis  liable  to  develop,  but  death  may  occur. 
Minor  abstinence  manifestations  include  apprehension,  muscular 
weakness,  tremulousness,  postural  fainting  due  to  postural 
hypotension,  gastrointestinal  disturbances  and  muscular 
twitching.  Major  manifestations  include  one  or  all  of  the 
following:  generalized  tonic-clonic  convulsions,  psychotic 
delirium,  fever,  and  death.  Up  to  100  mg  of  pentobarbital 
per  day  can  be  taken  safely  without  developing  major  absti¬ 
nence  manifestation  Above  that  level,  the  percentage  of 
incidence  of  major  withdrawal  abstinence  syndrome  varies 
directly  with  increasing  daily  dose.  Convulsions  may  develop 
as  early  as  16  hours,  but  usually  occur  on  the  second  or  third 
day  of  withdrawal.  The  development  of  temperature  above  101  F 
during  withdrawal  is  an  indication  for  vigorous  treatment. 
Diphenylhydantoin  has  never  been  demonstrated  to  offer  pro¬ 
tection  from  barbiturate  withdrawal  seizures.  Abrupt  with¬ 
drawal  from  meprobamate,  glutethimide,  methyprylon,  ethinamate, 
eth chlorvinyl,  chlordiazpoxide,  and  diazepam  has  been  reported 
to  result  in  grand  mal  seizures,  psychotic  behavior,  or  both. 
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Recently  Smith  and  Wesson2  have  proposed  a  safe  method 
for  barbiturate  withdrawal.  Basically,  the  daily  dose  of 
barbiturate,  which  is  practically  always  secobarbital  or 
pentobarbital,  ls  estimated  by  history  from  the  abuser.  This 
is  usually  from  500  to  3000  milligrams.  Each  100  mg  of  short 
acting  barbiturate  is  equated  to  32  mg  of  phenobarbital  and 
this  is  given  as  total  daily  dose  divided  into  four  doses 
which  are  somewhat  higher  in  the  evening  than  in  the  mornings. 
After  two  days  of  stabilization  and  close  observation,  the 
total  daily  dose  is  decreased  by  30  mg  per  day.  If  symptoms 
develop  during  withdrawal  an  injection  of  200  mg  of  pheno¬ 
barbital  is  given  immediately  and  the  decrease  in  dosage  is 
discontinued  until  withdrawal  symptoms  have  subsided. 

'  Isabel!  II.  Alschu!  S.  Kornctsky  C.  et  al-  Chrome  barbiturate  intoxication.  Ar  experimental  study. 

Arch  Neurol  Psycitiat  64:1-28.  1950 

"Smith  DT.  Wesson  DR  Phcnobarbitol  technique  for  treatment  of  barbituric  dependency. 

Arch  Gen  Psvchiat  24:56-60. 1971 


HEROIN  OVERDOSE 

Severe  overdose  may  be  almost  instantly  fatal  and  is  not 
amenable  to  treatment.  Overdose  produces  pinpoint  pupils, 
depressed  blood  pressure  and  respiration,  coma,  shock,  and 
pulmonary  edema.  Diagnosis  usually  easy  from  "tracks"  or 
evidence  of  "skin  copping" .  The  signs  and  symptoms  are  listed 
in  TABLE  I. 


Treatment 

Immediate  injection  of  nalorphine  2-10  mg  (if  no  veins 
are  usable,  inject  into  sublingual  venous  plexus).  Repeat 
as  often  as  necessary  to  prevent  recurrence  of  apnea  or  hypo¬ 
tension.  Response  is  judged  by  dilation  of  pupils.  Hypotension 
may  require  plasma  expanders  and  pressors.  These  patients 
should  be  observed  for  at  least  eight  hours  because  pulmonary 
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edema  may  appear  later  and  be  fatal.  Treatment  consists  of 
diuretics,  oxygon,  tourniquets,  and  occasionally  digitalis. 
The  precise  etiology  of  the  pulmonary  edema  is  unknown. 
Theories  include:  (1)  overdose  of  the  common  adulterant 
quinine,  (2)  particulate  thrombo-embolism,  (3)  hypoxia, 
and  (4)  anaphylactic  reaction  with  lung  as  target  organ. 
Addicts  are  also  susceptible  to  staphylococcal  pneumonia  and 
endocarditis.  It  should  be  remembered  that  the  nalorphine 
used  in  treatment  may  produce  an  abrupt  withdrawal  syndrome 
which  may  require  treatment. 


LYSERGIC  ACID  DIETHYLAMIDE  (LSD) 

Making  a  diagnosis  on  basis  of  history  of  LID  ingestion 
is  risky  since  much  of  what  is  sold  as  LSD  is  actually  phen¬ 
cyclidine  (sernylan).  strychnine,  amphetamines  and  atropine. 
TABLE  I  includes  typical  signs  and  symptoms.  LSD  and  other 
hallucinogens  Induce  a  hypersuggestible  state  that  can  be 
exploited  by  reassurance.  Hyperactivity  can  be  controlled 
by  "talking  the  patient  down".  Urge  the  patient  to  keep  his 
eyes  open  since  this  usually  decreases  the  panic  and  hallu¬ 
cinations.  Although  the  phenothiazines  are  useful  when 
sedation  is  necessary,  their  use  can  be  hazardous  when  an 
anticholinergic  drug  has  been  mixed  with  the  LSD  as  severe 
hypotension  can  be  produced.  TABLE  I.  Excessive  dryness 
of  the  mouth  and  absence  of  sweating  are  clues  to  possible 
adulteration  with  anticholinergics.  If  an  "anticholinergic 
crisis"  is  produced  by  treatment  with  phenothiazines,  2-4  mg 
physostigmine  given  intramuscularly  and  repeated  as  often  as 
necessary  may  reverse  the  crisis.  It  may  be  safer  to  use 
parenteral  Librium*!  or  Valium®  and  to  rely  heavily  on  reas¬ 
surance. 
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